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COMMENTS 
THE JOURNAL 


At the Buffalo convention, the Association voted to try an exper- 
iment with the JouRNAL, to undertake in a modest way to put some 
life into the publication and bring it out every two months instead 
of quarterly, as before. This was done on the recommendation of 
the last Publication Committee, in order to ascertain the desirability, 
practicability and cost of a bimonthly publication. Your Commit- 
tee has endeavored to make this experiment as complete as possible. 
Its members have met every month and in the intervals of the meet- 
ings have kept in touch by correspondence with the general features 
of the work. This number is the last issue of the new JourNat for 
which the Committee is responsible, and before it reaches the mem- 
bers the Association will have voted whether or not to continue 
the bimonthly publishing program. What is said can have no effect 
on that vote, therefore, and the following comments are made solely 
for the information of the members, to put on record the experience 
of your Committee in discharging the duties assigned to it a year ago. 

The Committee has experienced the greatest difficulty in obtaining 
information relating to the operating and managerial features of 
water works, the work often called “the superintendent’s job.” 
At the beginning of its term perhaps one answer was received to 
twenty-five letters of inquiry about such work; today the percentage 
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of replies is much greater, although little information available for 
publication is given in the replies. This experience is the same as 
that of trade papers; it was referred to as a characteristic of the water 
works field by the president of the New England Water Works 
Association at the last annual meeting of that organization. It is 
a fact that your Committee has neglected no opportunity to secure 
for the JouRNAL information of the character mentioned; it has sent 
out over two thousand letters of inquiry to water works superintend- 
ents, and it has had very meager returns from them. These condi- 
tions explain why the pages of the JouRNAL have not carried more 
articles relating to management and operation. 

The conditions are widely different in the engineering and sanitary 
branches of the water works field. Here the members have not 
only furnished contributions and information freely and promptly 
but have been most helpful with criticisms of what has been done 
and suggestions for new contributions. The difference between the 
committee work concerned with the technical and scientific aspects 
of public water supply and that having to do with management is 
very wide. 

These conditions are stated because they reveal a situation which 
is the natural result of the present state of water works affairs. 
Outside of some private companies and a few public departments, 
the superintendent’s job does not receive the recognition it merits. 
The interference of politics has been a danger threatening the super- 
intendent in so many cities that he has developed a most retiring 
disposition, in order to be able to carry on his work in the best way 
for the consumers whose interests he serves. He has forgotten how 
to talk about his work: he has overlooked the fact that the veil of 
silence can be lifted safely in the Section meetings and in the JouRNAL 
of the Association. He has become accustomed so long to slipping 
modestly into the back row of chairs at gatherings of public officials 
that the hardest task of our Association, and particularly of its Pub- 
lication Committee, is to overcome his reticence and to get him to 
place on record the results of the interesting parts of his work, 
to the end that not only may other superintendents profit by his 
experience but the public may eventually be awakened to a proper 
appreciation of the magnitude and importance of the responsibilities 


of the water works superintendent. 
THE PuBLICATION COMMITTEE. 
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WATER CONSUMPTION IN NEW YORK DURING TWO SEVERE WINTERS 


The winter of 1917-18 will long be remembered by water works 
managers as having set new records for high consumption due to 
extreme cold. The past winter failed to record as extremely low 
temperatures as those of 1917-18, but was almost as severe on account 
of the continuance of low temperatures for a long period. A com- 
parison of the consumption of New York City for these two severe 
winters is of interest. In this comparison the consumption for the 
months of October and November of each of the years is taken as 
a basis, as these months are substantially free from any effect 
on consumption due to temperature or rainfall. The comparative 
figures expressed in million gallons daily and in percentage of 
increase for October and November are as follows: 


Winter Winter 
1917-18 1919-20 
Average for October and November—Con- 

Average for December, January and February— 

Average for December, January and February— 

Maximum consumption for one day............. 784 761 
Percentage increase of above over October and 

Maximum consumption for two consecutive 

Percentage increase of above over October and 

Maximum consumption for three consecutive 

Percentage increase of above over October and 

Maximum consumption for one month.......... 655 721 
Percentage increase of above over October and 

The temperature averages during these periods were as follows: 

Winter Winter 

1917-18 1919-20 
Average for three 25 .4° 27.7° 
Extreme temperature—one day................. —13.0° —3.0° 
Extreme temperature—two consecutive days.... —10.0° —3.0° 
Extreme temperature—three consecutive days.. — 8.7° +4.7° 


Extreme temperature—one month.............. 14.0° 16.6° 


= 
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It will be noted from the statistics given above that the winter 
of 1917-18 recorded higher percentages of increase than the winter 
of 1919-20, and that the maximum consumption recorded for one 
day occurred in the 1917-18 period, although for two or more days 
a higher consumption was recorded in 1919-20. A comparison be- 
tween the winter preceding these two winters shows that the in- 
crease in consumption was substantially the same in each case. 
Thus, January, 1918, shows 106 m.g.d. more than January, 1917, 
while January 1920, shows 108 m.g.d., more than January, 1919. 
The corresponding figures for February are 119 m.g.d. and 123 
m.g.d. The consumption in the winter of 1918-19 as compared 
with 1917-18 showed a reduction for January of 41 m.g.d., this 
difference being carried substantially throughout the winter. 

These results illustrate the impossibility of forecasting winter 
consumption with any certainty within possibly 15 per cent, and 
the difference may be even greater. There are so many uncertain 
factors that enter into the consumption of a community, especially 
a large manufacturing and commercial center like New York, that 
no estimate of future consumption can be relied on. The best 
that can be done is to point out the probable line of increase in con- 
sumption, with a knowledge that the actual record may be above or 
below that estimated, depending upon the business activities, the 
force employed on water waste prevention, the temperature both 
winter and summer, the rainfall, the housing conditions, and 
numerous other less important factors. 

The housing condition is a rather new factor in affecting water 
consumption. In Manhattan, where only about 8 per cent of the 
tenants own the property they occupy, the relationship between 
tenant and landlord has in the past been such as to make the tenant 
inclined to complain if the noise of water escaping through a leaky 
fixture caused him any annoyance. With the present housing 
shortage in New York City, the tenant in general is very desirous 
of retaining the good will of his landlord, and is not inclined to com- 
plain even though he is subjected to much greater annoyances than 
those which previously would have brought forth a prompt and 
vigorous complaint. 

It is, therefore, to be expected that the leakage through defective 
fixtures will be a rather larger factor in the immediate future than 
is has been in the past. This and the great business activity in the 
latter part of 1919 constitute two important factors in causing an 


unusually large increase in consumption in New York City. 
Wo. W. Bruss. 
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MEMORIAL POSSIBILITIES IN WATER WORKS PLANTS 


The action of the authorities of Newark, N. J., in placing a 
memorial doorway in the meter tower described in the March JouRNAL 
is something to be taken to heart. The rewards of the man who 
gives his time to the service of an American city are meager. He is 
fairly certain to be called incompetent by many persons who know 
nothing about his responsibilities and difficulties. He will be called 
a crook and a grafter if he tries to eliminate incompetent low bidders 
for materials and construction. If he refuses to be stampeded into 
some poorly planned project temporarily enjoying public favor he 
is damned as a reactionary. He will lose some valued acquaint- 
ances who do not think as he does and will have to associate pub- 
licly with some men to whom he would hesitate to intrust a counter- 
feit dime. In return he will have the satisfaction of knowing that 
he has helped make his city better as a result of his term of office 
and that years later, when the value of his work is truly seen through 
the perspective of years, a few men will then be sorry they did not 
thank him for it while he was alive. 

There are many men whose services for the better water supply 
of their cities deserve permanent public commemoration. Joseph 
P. Davis, Frederick P. Stearns, General George S. Green, General 
William Ludlow, Alphonse Fteley, Charles Hermany, William A. 
Worthen, Alfred W. Craven, and Frederic Graff are names which 
ought to be prominently displayed on some of the structures which 
owe their existence to these men. There have been many superin- 
tendents who have served their cities long and well who should have 
such services recognized in an enduring manner. There have been 
trustees or commissioners whose work in managing the business 
affairs of water departments was of the highest value, and yet today 
they are forgotten, although what they did was gratuitous public 
service and often thankless service, at that. In one city it may be 
a superintendent, in another an engineer and in another a trustee 
or commissioner, but in practically every city there has been a man 
to whom the water works of today stands a monument. 

It is perhaps not wise to attach the name of a man still in active 
work to such a conspicuous feature as a pumping station, reservoir 
or water tower. But the name of a man who has done his work and 
is either retired or gone hence forever can be appropriately used 
with some part of the works which it was his pride to be associated 
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with. It is a recognition of good work well done that is due to him, 
an inspiration to his successors and an incentive to those who are 
just entering upon public service. We will never see the time 
when public office will bring the income that private business affords, 
but we can strive with some hope of success to secure for those who 
discharge public duties ably and constructively a permanent recog- 
nition of what they do. The character of the works used in water 
supply particularly adapts them for receiving memorial tablets 
commemorating the services of these able men. 

Joun M. GoopeE 


THE RELATION OF COLLOIDS TO WATER PURIFICATION AND SEWAGE 
DISPOSAL 


The colloidal state of matter is a subject that has received con- 
siderable attention from scientists during the last decade, but the 
application of the laws established by research to practical prob- 
lems has been far too limited. The extremely broad field to which 
the study of this subject is applicable may be perhaps some excuse 
for the slow advance, but it is probably also due to the lack of con- 
tact, and possibly interest, which the research worker usually has 
in applied science. To those who are so fortunate as to have a good 
working knowledge of the fundamentals of colloidal phenomena and 
physical chemistry in general, and who also are confronted with 
practical problems in which this knowledge may be utilized, the 
opportunities for contributing to the advancement of the arts are 
unparalleled. In agriculture, medicine, sanitation and hundreds of 
industries, many of the unsolved problems are those relating to 
matter in the colloidal state. 

In the field of water purification and of sewage disposal, there 
is a great need for an intelligent application of the principles involved 
in colloidal chemistry. We know far too little why some turbid 
waters are more easily coagulated than others. We know compara- 
tively little of the inhibitory effects which various substances and 
chemicals may have in preventing effective coagulation of suspen- 
soids. We have only a limited and decidedly empirical knowledge 
of the influence of temperature upon coagulation of natural waters. 

In water softening we are confronted with several problems in 
which colloidal and physical chemistry must eventually provide the 
practical solution. For example, how may the precipitation of 


| 
| 
| 


COMMENTS 429 


calcium salts be hastened where caustic lime alone, or the latter 
together with soda ash are used; how may the sludge from such 
plants be best utilized in the freshly treated raw water to facilitate 
these reactions; how are the solubilities of the calcium and magne- 
sium carbonates and of magnesium hydroxide affected by the pres- 
ence of other salts in solution, and how much actual effect does the 
temperature of the water have on the chemical reactions taking 
place and the physical changes which follow the latter? The answer 
to these questions must be found in a knowledge of the solubility 
products of the salts and compounds in question; in the laws relat- 
ing to equilibrium which must exist between dissociated and undis- 
sociated compounds, and between undissociated compounds and the 
precipitated solids; in the nature and effect of surface tension; in 
the phenomenon of adsorption, and in the velocity of chemical 
reactions. 

The unsolved problem in sewage disposal is what to do with the 
sludge. The physical condition of this residual matter varies, of 
course, with the process employed; but in every case the sludge is 
colloidal in character, and its manipulation is made difficult by all 
of those properties which are inherent to colloids. The problem is 
much more difficult where trade wastes are involved. In the latter 
we have oftentimes gelatinous material of the most offensive type 
and which, because of its colloidal condition, does not yield to any 
form of treatment to which it may be reasonably subjected. 

Structures cannot be intelligently designed and built for treating 
water and sewage unless the principles which govern the changes in 
the solid and liquid substances contained in them are understood. 
If these principles are still undiscovered, then we must resort to 
experimental studies, and base our designs on more or less empirical 
formulas. Nevertheless, this lack of knowledge is no reason for 
not using that which is available,and endeavoring to apply in prac- 
tice what is now known. Imitation and rule of thumb do not ad- 
vance the art of engineering. Many chemists have but a hazy idea 
of colloidal and physical chemistry, and to the average engineer the 


terminology of the subject is practically unknown. 
J. W. Evias. 
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REACHING THE PUBLIC 


The education of the San Francisco public to an understanding of 
the rational system of selling water, a story told in the May JouRNAL 
by Mr. Elliott, is something the writer desires to call again to the 
members’ attention. The manner in which that educational cam- 
paign was conducted was admirable from the viewpoint of a public- 
ity specialist. The Spring Valley Water Company was desirous of 
employing the fairest method of charging for water, and it knew 
that there would be some opposition to the introduction of this 
method until it was well understood. The company knew that it 
is proved by long experience to be better to make such a change 
after explaining it thoroughly than to attempt explanations to large 
numbers of irate, surprised consumers, whose first knowledge of the 
new system of changes came on the face of their bills. Its adminis- 
trative and technical staff prepared the arguments for the new 
charging plan. It was essentially a business matter with the com- 
pany, and it accordingly followed precisely the methods of an ex- 
perienced manufacturer or merchant in introducing a novelty; it 
advertised. Furthermore, the company engaged a publicity spe- 
cialist to prepare these advertisements, with the result that each of 
them was not only an advertisement, it was a very well told short 
story interesting to every man who paid a water bill. That these 
stories were read and carried conviction is shown by the general 
favor with which the new method of billing water was received. 
This was a strictly business matter and the company used the 
right kind of publicity for its purpose. Mr. Gwinn was one of the 
first water works managers in the country to see the distinction 
between what is advertising and what is news. In asense, of course, 
little advertising without a certain element of news or variety is 
profitable, but there is usually a great distinction between the news 
which is primarily useful to a company and its consumers and the 
news that we buy newspapers to obtain. Technical publicity men 
have long recognized the cleverness with which Mr. Gwinn has seen 
the possibilities of advertising the water business. For instance, 
he printed the following half-page in the Terre Haute papers last 
February, under the title of ““A Report to the Good People of the 
Good City of Terre Haute:”’ 
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It seems right that we, as the public water purveyors of the City of Terre 
Haute, should give an account of our stewardship. Therefore, we wish to 
advise 

That the U. 8. Public Health Service has fixed a high standard of purity for 
water used by railroad companies whose lines pass from one state to another, 
and twice each year certificates must be furnished showing that the water is 
up to the standard. These certificates were furnished in respect to the City 
Filtered Water of Terre Haute, by the State Board of Health, January 22, 
1919, July 24, 1919, and also January 15, 1920. 

That we furnish a weekly report to the State officials and they make a 
personal survey of our plant and an examination of our methods of purification 
from time to time. At one of the recent visits, the Sanitary Engineer said 
that no filter plant in the State was more efficiently operated than the Terre 
Haute Plant. 

That daily bacteriological tests were made of the natural and also of the 
filtered water in our own laboratory. 

That visual examinations of the water are made every 30 minutes, or 48 
times in 24 hours, and a record is made each time. 

That the average filter efficiency, or bacterial reduction in 1919 was 96.5%. 

That we have two chemists at our pumping station and one of the officials 
of our company is a chemist. 

That we are endeavoring to keep informed of the latest and best methods of 
water purification and water works operation, and with that idea in mind, 
officials of the company attended two State and two National conventions 
of water works men, during the past year. 

That the record of typhoid deaths in 1919 in Terre Haute was the lowest on 
record. This record improves as the number of consumers increase. 

That we offered to test samples of milk in our laboratory for the City 
without cost. 

That extra water pressure was available for the 563 fire alarms during the 
year. 

That recording pressure gauges registered the water pressure for every 
minute in the past year. The steam pressure and the speed of the big pump 
are also recorded. 

That, owing to the greatly increased cost of operation, the Public Service 
Commission authorized an increase of rates in April which affected the rate for 
fire hydrants and also large consumers of water—about 150 in all. The increase 
did not affect about 98% of our customers in any way. The minimum rate for 
the popular sized meter was not changed and it is still 75c per month; in 1915 
it was $1.00 per month, or $12.00 per year. 

That the water rate per 1,000 gallons for the first 20,000 gallons per month 
in 1919 was 25c, as compared with 30c in 1914. 

That the average cost of slack coal purchased by us in 1919 was $2.71 per 
ton as compared with $1.00 in 1914. 

That the cost of treating the water per 1,000 gallons in connection with 
purification is about double what it was in 1915. 
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‘That the 43% bonds of the company came due June Ist and were retired 
by issuing 6% five-year securities, which were sold at 94. The average cost 
to the company for the money being 7.63% instead of the old rate of 44%. 

That after paying expenses, taxes, depreciation, cost of borrowed money, 
improvements and sinking fund requirement, there was a balance of only 
$6,187.18 for the year 1919. 

That under orders of the Public Service Commission of Indiana, the surplus 
earnings of the company must be used for retiring indebtedness, or for im- 
provements. Therefore, the holders of the common stock did not receive 
dividends—in fact, have not had any since April, 1916, and cannot have any 
for over four years more. 

That it required 13c of every dollar received for water service during the 
year to pay the City, State, County and Federal Taxes. 

That wages were increased in October, making five increases in two years; 
wages and salaries have been increased approximately 61% since 1915. 

That the average monthly metered water bill in 1919 was $1.93. Omitting 
the railroad and industrial consumers, the monthly average was $1.27. 

That NINETY-SEVEN (97%) per cent of all consumers are metered. The 
three per cent are in small houses without bathrooms and sprinkling privileges. 

That we maintain at our pumping station a beautiful park and tennis court 
which is open to the good people of Terre Haute. 

That several of the employes have been in the water works business for 
over a third of a century and one has been with this company 29 years. 

That we now have 100.9 miles of water mains, and in August there were 
2,567 vacant lots suitable for residences on the streets where there are mains. 

The business of the company is regulated by the Public Service Commission 
of Indiana, which under the State law, establishes the rates that it may 
charge, fixes the valuation of the property and the rate of interest that it may 
earn, audits the books and controls the issue of bonds and stocks. 

The quality of the water furnished is under the control of the State Board of 
Health. The officials of the U. 8. Public Health Service inspect the plant. 

The State Fire Marshal, the National Underwriters and the Indiana In- 
spection Bureau inspect the plant to determine if the fire pressure service and 
general equipment are satisfactory from the fire protection and insurance 
standpoint. 

The management of this company believes that it is charged with a very 
important public duty, and that it is responsible to the public for its steward- 
ship; that it is serving the stockholders best when it is furnishing the public 
with pure water, good service, and courteous treatment; that it is its intention 
to so conduct the business that the good people of the good City of Terre 
Haute will continue to have reason to be proud of the Water Works System. 


The particular reason for calling the attention of members to this 
advertisement is that it carries the same spirit of cheerfulness, of 
desire to serve the public, of interest in the welfare of the consumer, 
that characterized the work in the San Francisco case. How any 
manager who has lived through the rate tribulations which afflicted 
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the president of the Terre Haute Water Works Company for some 
years can maintain his optimism cannot be learned by psychological 
research or a study of the Book of Job. The fact remains, however, 
that the determination to carry on a useful business in a creditable 


CONSUMPTION, LEAKAGE OR WASTE OF WATER 
throvgh various sized goenings a/ TOpounds pressure. 
Size of Gallons Same Cost |Costper Quarter 

30460 | 4061 | *244 | *2/960 
Q\ 13467 | 1,796 | 1.08 97.20 
O 7565 | 1,008 60 54.00 
Ya @ 3367 449 ae 24.30 
Ye 44 113 O7 6.30 

2/10 28 1,53 


You are now drinking Pure Healthful City 
Water, the best in the Country, endorsed by the 
State Board of Health and the United States 


Government 


DRINK LOTS OF IT 
But be careful about leaks and wastes. 


Front AND Back oF WASTE PREVENTION Notice USED IN MINNEAPOLIS 


way is appreciated in Terre Haute, and avery influential factor in 
this success has been advertising when advertising was desirable. 

It is not always necessary to use newspaper advertising to tell 
a business story. An opportunity to reach the consumer with a 
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business chat is given when his billis presented tohim. For instance, 
the bills sent out in Minneapolis recently were accompanied by a 
little card reproduced on page 433. It is just a jog to the mind of 
the consumer. When the real head of the house, who usually re- 
ceives the water bill, discovers that a steady trickle of water from a 
faucet or closet is costing her at least six movies a quarter year, she 
will have that leak fixed. The Terre Haute Company has distrib- 
uted to its consumers in this way some of the illustrations printed 
in the JournaL of January of this year, with an account of what 
the company is doing to purify the water and the excellent official 
rating given the purified supply. 

There is a large amount of information relating to public works 
which is of public interest. The reason the public is not interested 
in it is that the facts are concealed from popular comprehension by 
technical language and tremendously profound, learned gloom. In 
these days, when we are all busy and that tired feeling does not stim- 
ulate us to heavy reading in our few leisure hours in the evening, 
what water works manager spends much of this leisure time study- 
ing, say, the facts relating to skewness and dispersion in statistics, 
something that everybody using statistics should understand before 
he makes much use of them? Why, then, expect the plumber, 
grocer, carpenter, and clergyman to read water works reports whose 
technicalities are equally tiresome to him, even when he knows 
there is something important to him in them if he can only shuck off 
the learning and find the kernel of wisdom? It never pays, in a 
business way, to expect another man to take any more interest in 
your business than you do in his. 

Fortunately, there is an excellent way to interest the public in 
the strictly public aspects of water supply. The business aspects 
must be presented as advertising or in circulars. But the human 
interest side will be readily seized by the professional writers if 
they can be shown its importance. The Publication Committee 
has been doing this work, and the members may be interested in one 
example of it. The quality of water supplies, we all know, is vitally 
important as a public health matter; we have worried and studied 
over it so much that our interest in it is second-nature; we have lost 
sight of its novelty to the public. It is particularly important now, 
moreover, on account of the slowness with which desirable works 
for purification are undertaken, owing to the high cost of construc- 
tion. Under these conditions the importance of chlorination as a 
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safeguard against water-borne typhoid fever has greatly increased. 
It is such an economical means of disinfection that it deserves public 
approval rather than public condemnation as dangerous dosing of 
drinking water with chemicals. The importance of the subject at 
present is so great that it was decided to attempt to bring it to the 
attention of the public through the Saturday Evening Post, which 
has very much the largest circulation of any popular periodical in 
the country. That journal absolutely will not print publicity 
matter of any sort whatever, except as advertising, but there was 
no difficulty whatever in convincing its engineering specialist to 
write the article on “The Water We Drink” that was printed in 
the issue of May 8. 

Writing for the public is a business. Buying articles for a news- 
paper or a magazine is a business. Men succeed or fail in these kinds 
of business because they do or do not gauge what the public will 
pay for. The public desires not only facts, or fiction, but it insists 
on certain ways of writing up the facts. These ways change from 
time to time. It makes no difference what any individual thinks 
about the style, unless there are many who think as he does. It is 
the mass that it is desirable to reach with publicity, and it must be 
reached in the way it desires, or there will be very few results. Con- 
sequently, if a water department or company has a real news story 
to tell, it will be very much to its advantage to explain its points to 
some professional writer, who knows what editors will accept. The 
features which the manager or the technical man may consider most 
important may really have no news interest, no stimulation for the 
average reader, when told directly, but can be used by a skillful 
writer indirectly in an article that will be gladly accepted by an 
editor. In short, in publicity it pays to get the help of those who 
know what can be done and how to do it. 

Joun M. GoopELL. 
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CEMENT JOINTS FOR CAST IRON WATER PIPE! 


By Georce W. Pracy? 


In April, 1917, the Spring Valley Water Company laid two sec- 
tions of 4-inch cast iron pipe, using cement instead of lead in making 
the joints. This was in the nature of an experiment, none of the 
men ever having made a cement joint before. The line was thor- 
oughly tested for leakage before being put into use and the results 
were so satisfactory that cement has been used in some 16,000 feet 
of 4-inch; 5000 feet of 6-inch and 16,000 feet of 8-inch cast iron pipe 
laid since that time. No larger size mains were laid during or since 
the war period; had any such been laid, cement would have been 
used. Over one mile of these lines has been in use more than two 
years under 175 pounds pressure without requiring any repairs. An 
18-inch line is about to be laid in a neighboring town in which 
cement will be used for making the joints. 

The use of cement is pretty general along the Pacific Coast. 
Clark Shaw of Long Beach describes the use of cement joints in 
Long Beach, California, in an article printed in the April, 1917 
Proceedings of the American Society of Civil Engineers. F. M. 
Randlett of the Portland, Oregon, Water Works in the 1916 report 
of the Department of Public Utilities, reeommends cement joints 
for all new work. P. D. Rice, formerly engineer for the San Jose 
Water Company and now connected with the Spring Valley Water 
Company, used cement to a considerable extent in San Jose. The 
East Bay Water Company of Oakland, California, the Los Angeles 
Water Department, as well as several smaller systems, also have 
used cement in some of their work. 

Making the joint. In making the cement joint, the spigot end is 
put into the bell just the same as for a lead joint. Two rings of 
jute or yarn are then put around the pipe and driven into the bell in 
the regular manner. The jute used must be free from oil or tar. 
In some joints the jute was put in dry and in some it was soaked in 


1 Discussion of this paper is desired, and should be sent to the Editor. 
2 Superintendent Spring Valley Water Company, San Francisco, Calif. 
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grout before being used. There was no apparent difference in the 
results. 

When the jute is in place the cement is mixed. Neat cement of 
standard Portland Cement brand is used. The mix is very dry, 
the proportions being about 13 to 14 pounds of cement to 1 pound of 
water. This leaves the mixture so dry that it will crumble readily 
when handled. At no time should the mixture be wet enough to 
become sticky. The mixing is done in a pan or bucket, enough 
cement for one joint being mixed atatime. At first the men guessed 
at the amounts, taking what cement and water they thought was 
right. Later, measures were used, calibrated to give the amount of 
cement and water necessary, including waste, for a 4-, 6- and 8- 
inch joint. 

When the cement is mixed ready for use, a canvas is placed under 
the joint to catch the waste. The operator takes a handful of 
cement and with an ordinary calking iron shoves the cement into 
the joint until the joint is full. He then takes a calking hammer 
and calks the joint until the cement is rammed in as hard as possible. 
The joint is then again filled and the operation repeated until the 
joint is completely filled with the rammed cement. At first a bead 
was put around outside the bell, but this was discontinued as being 
unnecessary. In handling the cement the men must wear gloves. 
After the joint is finished, it is covered with earth while the cement 
is hardening. 

Amount of cement used. In putting the cement into the joints, 
considerable is lost, even though a canvas be placed to catch it. 
The amount used in making a joint depends entirely upon the 
carefulness of the operator. In some careful checks made it was 
found that from 53 to 10 pounds of cement were used in making an 
8-inch joint. On an average, however, a 4-inch joint will take 5 
pounds, a 6-inch 7 pounds, and an 8-inch 9 pounds. As cement 
out here costs less than one cent a pound, the cost for material is 
not very great and it does not pay to slow up the men by exacting 
the extreme of carefulness. 

Cost of cement joints. Careful observation on the cost of lead 
joints made in laying over 45,000 feet of pipe in 1915 and of cement 
joints made in laying the 37,000 feet during the last three years, 
has resulted in the following comparative table of costs. The 
wage scales and material prices have been adjusted to meet present 
conditions. 
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SIZE OF JOINTS 


4-inch 6-inch 8-inch 


Lead joints: 
Labor—Calker at $5.50; leadman at $4.75......| $0.527 | $0.723 | $0.850 
Lead—at 93 cents per pound.................. .831 | 1.165 | 1.495 
Conl—at 614 per tom. .015 .025 .026 
$1.373 | $1.913 | $2.371 
Cement joints: 
Labor—$5.50 per 8-hour day.................. $0.30 | $0.44 | $0.58 
Saving per cement joint....................20ee0 $1.02 $140 $1.70 
Saving per foot for 12-foot lengths................ .084 .123 .14 


The cost of yarn, amounting to a few cents a joint, has not been 

included as it is the same in both cases. 
!.. Leakage through joints when line is first filled. When water is first 
turned into the line with cement joints, every joint weeps badly 
and in some cases the water oozes out quite rapidly. In a few 
instances small pin-like streams have squirted out. In 24 hours 
this has practically all stopped and in two or three days the line is 
tighter than a line with lead joints. 

On some jobs a meter was cut in on a by-pass around a closed 
gate so that the water to replace the leakage from the line was 
measured. The meter showed a leakage of 100 cubic feet or more 
the first day, dropping to a few cubic feet on the second day and 
practically nothing thereafter. 

Leakage through cement joints. Four sections of pipe, about 1500 
feet long, tested for leakage at the joints after the water had been 
in the pipe for a week, gave the following results: In the first section 
the leakage was } gallon per linear foot of pipe joint per 24 hours. 
The second section leaked so slowly that the leakage could not be 
measured. The last two sections were practically tight, the line 
being pumped to pressure and left standing in one case for 3 hour 
and in the other case 2} hours without any drop in the pressure. 

Flexibility of the cement joint. At San Jose a test section of 6-inch 
pipe was made, somewhat over 70 feet long, using cement joints. 
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This was first pumped to a pressure of 300 pounds without any 
leakage through the joints. The line was then put on supports so 
that it was elevated about 4 feet off the ground. With a normal 
working pressure of 60 pounds on the line, all but the two end sup- 
ports were knocked out, permitting the pipe to be self-supporting 
over a span of 70 feet. The pipe dropped 2 feet in the center with- 
out causing any leakage at the joints. The line was then again 
lowered until it lay flat on the ground, while under normal working 
pressure; still no leakage. It was then emptied and left empty, 
exposed to temperature varying from 40° to 110°F. for nearly one 
year, after which it was again filled and the joints were all found to 
be tight. 

Repairs to cement joints. In the first block of pipe laid, contain- 
ing about 40 joints, 3 joints had to be cut out and remade. Since 
that time only 2 joints have continued to leak after the water was 
turned on. Both these joints were repaired by cutting out only 
that portion of the joint that was leaking and calking in lead wool. 
The pressure had to be taken off the line while the work was being 
done. Cutting out the joints on the 4-inch line took about 20 min- 
utes. No joints in large pipe have been taken out. 

One indirect advantage of cement joints is that they act as insulat- 
ing joints and reduce the amount of current carried by the line. 
This feature is of particular importance in the larger cities where 
electrolytic action has done considerable damage. The cement 
joint increases the resistance of the pipe as a conductor to such an 
extent that the current carried is negligible. 

Taking all things into consideration, it is believed that the cement 
joint has come to stay. Improvements over the present methods of 
making the joint will undoubtedly be made, but even at the present 
cost they are cheaper than any other joint known and from all the 
experience out here on the Pacific Coast they are entirely satisfactory. 
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THE NEW WATER PUMPING AND PURIFICATION 
WORKS AT DEFIANCE, OHIO! 


By Nicuo.as §, Jr.? 


The water supply of Defiance, Ohio, has been taken up to the 
present time from the Maumee River and delivered without treat- 
ment to the consumers. It is not a satisfactory supply without 
treatment, and as a result there are many shallow private wells 
used in the city. The works were bought from a private company 
for $125,000 a few years ago and about $28,000 has since been spent 
on them. It was realized by the city officials that they must be 
improved and last year the author was retained to plan these im- 
provements, upon which construction was recently started. The 
general problem of the supply and the unusual features of the works 
will be briefly described in this paper. 

The estimate of the amount of water to be provided was unusual 
in that the population of the city remained stationary from 1890 to 
1910. It has recently begun to increase, however, and all indica- 
tions are to the effect that it is about 8500 to 9000 and growing at 
the rate of about 3 per cent annually, which is the average rate of 
similar Ohio towns. In addition to this normal increase, about 
3000 persons will be brought to the city by the development of an 
industrial establishment. 

At the present time the industrial and commercial use of water in 
the city is about 21 gallons per capita and the domestic and public 
use and waste is about 154 gallons. As there are but 1200 services 
in the city, corresponding to a population of not over 6000, the gross 
consumption per consumer is about 243 gallons per day. It is not 
safe to assume that meters will be set on all services immediately, 
but in view of the high cost of purified water it seems reasonable to 
expect that steps will be taken at an early date to cut down leaks in 
the distribution system and check all excessive waste, and that 
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metering will be carried on with sufficient rapidity to keep the 
consumption within reasonable limits. On these assumptions, 
with the works furnishing a clear and wholesome supply so that 
nine-tenths of the population will be consumers, it is reasonable 
to expect that a supply of 2,000,000 gallons a day will answer all 
legitimate needs of the city until it attains a population of 16,000, 
which will apparently be reached about 1932. The initial plant 
has accordingly been designed to furnish that quantity of water, but 
provision has been made for future additions to the initial installa- 
tion without any alteration in the latter. In view of the high cost 
of construction and the fact that a large reduction in the present 
waste of water can be made by the city officials, the provision of 
any greater capacity at this time seemed unwarranted. If meters 
are not introduced and the future consumption continues at the 
present high rate, a 3,000,000-gallon plant should be built now, but 
as the difference in cost between plants of 2,000,000 and 3,000,000 
gallons will pay for universal metering, the smaller plant is plainly 
preferable. 

The present maximum hourly rate of consumption is about 
3,500,000 gallons daily. In a city like Defiance provision must also 
be made for ten simultaneous fire streams, equivalent to 3,600,000 
gallons per day while they are playing. The maximum hourly 
demand was accordingly fixed at the rate of 7,000,000 gallons per 
day. To meet this demand without providing excessive filtration 
capacity, a clear water basin holding 450,000 gallons was planned. 
This will supply ten fire streams for three hours and also water for 
industrial, commercial and domestic uses at the rate of 2,400,000 
gallons per day, 60 per cent in excess of the present average daily 
consumption. 

These considerations led to the selection of two 2,500,000-gallon 
pumps, one a reserve, for the low-lift pumping from the river 
to the purification plant, through which the water passes by gravity 
to the clear-water basin. A pump of this capacity will not only 
furnish all the water needed for the operation of the plant at the 
uniform rate chosen but also a surplus of about half a million gallons 
per day for occasional use in removing sludge from the sedimentation 
basins and other operating requirements. One of these pumps will 
be electrically driven and the other, the reserve pump, will be driven 
by a gasoline engine. The high-lift pumps comprise two 3,000,000- 
gallon electrically-driven units and a 4,000,000-gallon unit driven 
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by a gasoline engine, the three pumps permitting operating combi- 
nations which will meet all demands for water. These pumps will 
all be installed in the old pumping station, and the old intake and 
wet well will be used. The station will be somewhat remodeled, 
however, in order to afford safety against inundation during high 
floods. 

The purification plant is being built to clarify and soften the 
water as well as to render it safe bacteriologically. Its main fea- 
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ARRANGEMENT OF DEFIANCE PUMPING AND PURIFICATION PLANTS 


tures are shown in figure 1. The average turbidity of the water is 
about 200 but at times it rises to 4000. The color averages 40. 
The total hardness averages 230 and sometimes rises to 350. The 
average alkalinity is 170 and the average incrustants 60; the cal- 
cium hardness averages 172 and the magnesium hardness 58. The 
average bacterial count at 37°C. is 400 per cubic centimeter but 
the count runs up to several thousand on occasions. It was neces- 
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sary to design a plant with marked operating flexibility in order to 
provide for these fluctuations in the quality of the water and to 
enable the operator to develop the best procedure for each stage 
of the treatment. 

The softening of the water is particularly desirable in the case of a 
city which is experiencing a decided industrial development. The 
cost of hard water to power plant operators and the troubles attend- 
ing its use as boiler feed are drawbacks to any city supplying such 
water and endeavoring to secure new manufacturing enterprises. 
Even in a domestic way a water like that of the Maumee River, 
which requires one pound of soap to soften each 25 gallons of water, 
is a costly thing. If it is assumed that 5 gallons of water per capita 
are used daily with soap in Defiance, about 1700 pounds of soap are 
needed each day. If the hardness of the water is reduced so that 
one pound of soap will soften 53 gallons of water, about 900 pounds 
of soap will be saved daily. If this soap is worth 16 cents a pound 
the saving will amount to $144 a day, which is more than the esti- 
mated total daily cost of pumping, purifying and softening the 
water. In addition there will be a large but indefinite saving due 
to the reduction of scaling in water-backs in kitchen stoves and the 
stopping of faucets and to the decreased injury to clothing during 
washing. 

Water is discharged from the low-lift pumps through a float-con- 
trolled valve into a weir chamber, figure 2, the entrance to which is 
guarded by two vertical baffles in order to still the water in the 
chamber. The water leaves the chamber through Sutro weirs. 
This type of weir is so shaped that the height of water in the weir 
chamber will be directly proportional to the quantity passing through 
the plant; in other words, the rise and fall of the water in the cham- 
ber will be in proportion to the rate of filtration. Pipes will run’ 
from this weir chamber to the stilling chamber of each of the four 
dry chemical feed machines, afid floats in these stilling chambers 
will regulate the rate of application of the chemicals to the rise and 
fall of the water in the weir chamber. A device will be installed to, 
make automatically a record of the flow through the weirs. 

The water will fall from the Sutro weirs into the first compart~ 
ment of the mixing chamber, figure 2. Each compartment is 15 by 
53 feet in plan, with a vertical baffle in its center. The water will 
pass from one compartment to another through an orifice plate: 
having a 15-inch diameter hole, in each division wall, and the ver- 
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tical baffle walls are provided to prevent any direct currents from 
one orifice to another. The chemicals will be delivered through 
rubber hose laid in a vitrified conduit under the roof of the mixing 
chamber, as shown in two of the cross-sections in figure 2. The 
rubber hose has the advantages of being flexible, easily cleaned if it 
becomes clogged, and easily repaired or replaced. 

The chemical house, figure 3, has two floors, the lower for receiv- 
ing chemicals from a spur track running alongside the building, as 
shown in figure 1, and for pulverizing and storing the lump chem- 
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Fic. 2. Wretr AND Mix1Inc CHAMBERS 


icals, and the upper floor for use as a laboratory, for the chemical 
feeding and chlorinating apparatus, and storage for a day’s supply 
of chemicals. The two floors are connected by an elevator and have 
trolley tracks for handling materials easily and quickly. The upper 
floor is on a level with the top of the mixing chamber and sedimen- 
tation basins so that the chemical feeding and mixing can be ob- 
served easily. The operator can also pass from this floor through a 
doorway to the operating floor of the filter plant immediately ad- 
jacent to the chemical house, and the lower floor of the house is 
connected by a doorway with the pipe gallery of the filter house. 
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Outside stairways are provided so that laborers can pass to different 
parts of the plant without going through the chemical house. 

The plant is designed for using either sulphate of alumina or 
lime and copperas, or both, for purification. Experience in treat- 
ing similar water at Toledo has shown that at certain times sulphate 
of alumina is more efficient than lime and copperas and at other 
times the reverse is true. For softening the water, provision is 
made for using lime and soda. Each chemical feed machine will 
be capable of feeding 6 to 120 pounds of ground alum, copperas or 
soda ash per hour, or 22.5 to 450 pounds of ground quicklime or 
hydrated lime. The machines will deliver the dry chemicals to 
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Fia. 3. FiLoor Puans or CuemicaL House 


ejectors, which will deliver them in turn through 2-inch rubber hose 
to the mixing chamber, where they can be applied to the water at 
several points, and alum can also be delivered through a 2-inch lead 
pipe to the carbonating chamber. 

After the chemicals have been mixed with the water in the baffled 
compartments of the first half of the mixing chamber, through 
which the water will pass in about 30 minutes, the water will enter 
the large compartment forming the other half of the mixing cham- 
ber. The detention period in this compartment will be about 30 
minutes, which experiments conducted in the author’s laboratory 
show to be adequate for the necessary chemical reactions to take 
-place to produce a satisfactory floc. Attention is called particularly 
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to the method of removing sludge from this basin, which is used in 
other parts of the plant for the same purpose. A 12-inch vitrified 
sewer pipe runs along one wall and 4-inch vitrified pipe branches 
run from it at right angles. The spigot of each length of pipe is 
cemented in a sheet-iron cylindrical sleeve and this sleeve is cemented 
in the bell of the adjoining length of pipe. There is a 1-inch hole in 
the top of each sleeve as it lies in place on the floor, and through 
this hole the sludge can be drained off by gravity whenever necessary 
into a sewer discharging into the river. This system makes it pos- 
sible to remove sludge without interfering with the operation of the 
chamber, except at long intervals. 

The water will pass over a weir at the end of the mixing cham- 
ber into an outlet trough which will deliver it at one end to the 
inlet trough supplying the two sedimentation basins. This inlet 
channel, figure 2, discharges water downward through six 6-inch 
openings into the inlet end of each basin. This method of introduc- 
ing the water into the basin a short distance above the floor leaves 
but a short depth for the greater part of the floc to fall, in com- 
parison with the full depth of water through which the floc must 
settle when the water enters a basin over a weir at the surface. 
Each basin is 112 feet long, 31 feet wide and 10 feet deep and has a 
system of sludge drains similar to those in the mixing chamber. 

The water is to be softened as well as filtered and chlorinated 
and a 6-hour detention period has been provided. The water will 
be drawn from the sedimentation chambers over a weir into an outlet 
trough, which will deliver it to the main to the carbonating chamber. 

One of the greatest difficulties in operating plants for softening 
and filtering water is that after softening there is usually an excess 
of lime hydrate in the water, making the latter caustic. The lime 
collects on the grains of sand in the filters, in the mains and meters 
and in the house plumbing. In order to neutralize this causticity, 
a system used at Owensboro, Ky., will be employed. Coke will be 
burned in a retort in the chemical room and the CO, produced by 
the combustion will be forced through a 2-inch fiber pipe by a blower 
to the carbonating chamber, figure 4. Here the gas will be delivered 
to a grid in the bottom of the chamber and allowed to pass up 
through the water. If the CO, is mingled thoroughly with the 
water and allowed sufficient time to react with the calcium hydrate, 
the latter will be changed into soluble calcium acid carbonate and 
the troubles from causticity will be avoided. Generally an attempt 
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is made to rid the water of causticity by allowing it to remain quies- 
cent for 8 to 12 hours in very large settling basins, but the process is 
not very satisfactory and is more expensive in total cost than treat- 
ment with carbon dioxide gas. 

The CO, grid is composed of concrete troughs which are covered 
with filtros plates to act as diffusers. The sludge is drawn off 
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Fig. 4. CAaRBONATING CHAMBER 


through drains with perforated sleeves at the joints, as in the mixing 
and settling basins. The water enters the carbonating chamber 
through a submerged orifice at one end and provision is made for 
adding alum here if desired. The water flows under and over 
wooden baffles to a weir at the other end, where alum can also be 
added if desired, and passes over this weir to a 20-inch main to the 
filters. 
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Each of the four filters is 18 feet long, and 10 feet 9 inches wide 
in the clear. The strainer system is made up of 2-inch galvanized 
wrought iron pipe laid on 6-inch centers and perforated at the 
bottom, as is the 14-inch cast iron header, with 25-inch holes 6 
inches apart. The filter bed will consist of 18 inches of gravel 
graded upward from coarse to fine, and 30 inches of sand, the depth 
of the filter bed above the pipes being 42 inches. The effective 
head is 12} feet. The filters will be manually operated, as the 
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author’s experience shows that this system gives satisfactory results 
in small plants. The arrangement of the filter piping, figures 5 and 
6, is one which has proved satisfactory in other small plants and is 
characterized by the small number of bends employed. The filtered 
water is discharged through rate controllers into reinforced concrete 
conduits which deliver it to the filtered water basin. 

Wash water will be supplied from an elevated tank holding 50,000 
gallons raised 50 feet above the ground. This tank will be supplied 
from the force main to the city. In order that a sudden demand 
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for a large quantity of wash water may not affect the discharge 
through the force main, a 2-inch pipe will be used to feed the tank. 
The latter holds enough water to meet all operating requirements 
at the filters at any washing and will be slowly filled between wash- 
ings. Provision was made in the plans for the use of 5 per cent of 
wash water, with a maximum rise of 24 inches per minute or 15 
gallons per square foot per minute. 

The filtered water basin is 150 feet long, 40 feet wide and 10 feet 
deep. Water from the filters first enters an inlet chamber along 
part of one side and then passes over a weir at the end of this inlet 
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chamber into a drop chamber 3 feet square, in which the chlorine 
diffuser will be submerged. From the bottom of this chamber the 
water passes out into the clear water basin through the opening 
shown in figure 5, a vertical baffle being provided in front of the 
opening to insure good diffusion of the chlorine as well as constant 
submergence of the gas diffuser. The basin has a tile partition 
arranged as shown in figure 1, which will cause the water to take a 
long course before it reaches the suction inlet of the high-pressure 
pumps. The clear water basin is well ventilated, as experience 
shows that ventilation of covered basins containing chlorinated 
water is helpful in removing any odor or taste in the water due to 
the chlorination process. 
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One of the most interesting features of this plant has been the 
history of its financial aspect. The author’s firm was engaged to 
design the works in May, 1919. A preliminary report was prepared 
as rapidly as possible so that the long period of time required in 
Ohio to finance such public works might be terminated early. By 
July, 1919, the works were planned and the estimates, based on the 
prices ruling at that time, amounted to $160,000. A bond issue of 
$180,000 was authorized to provide this sum and cover the cost of 
any extras and contingent expenses. Owing mainly to the peculiar 
laws of Ohio regarding public works financing by bonds, the work 
was not advertised until February 1920, when the best bid was 
about $230,000, an increase of 43 per cent over the estimate, which 
is not surprising in view of the quite general increase of 25 to 50 per 
cent in the cost of the different items entering into the expense of 
such structures. The bids were so high that the work was readver- 
tised, and on April 12, 1920, new bids were opened, the lowest being 
$244,000. 

Under the Ohio statutes no municipality can make a contract for 
construction until the director of public works receives a certified 
statement from the city auditor that funds are available to pay for 
it. The maximum amount available for construction from the bond 
issue was $174,000, so a contract amounting to $137,000 was let to 
the lowest responsible bidder for the section of the plant comprising 
all the buildings and structures. It was very desirable to contract 
at the same time for the piping and filter equipment, in order that 
their installation might go on while the first contract was being 
executed. The lowest bids on these two parts of the work amounted 
to $183,000, and the contracts could not be placed without further 
funds. At the time, the city had a borrowing capacity of $55,000, 
without going to the voters, so it was decided to make a temporary 
loan of $10,000, and to issue at once $55,000 of additional bonds. 
The low bidders for the standpipe and for the plumbing and heating 
agreed to go ahead with the work on the understanding that in 
August, when the proceeds of the additional bonds are available, 
signed contracts will be given to them. New bids for pumps and 
electrical apparatus, and their installation, will be requested in 
August. 

These facts are mentioned as showing the difficulties inherent in 
financing public works in times of great uncertainty regarding the 
actual costs of outdoor construction, materials and machinery. 
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THE SULTAN WATER SUPPLY OF EVERETT, WASH- 
INGTON! 


By Cuinton 8S. Burns? 


The city of Everett was formerly supplied with water by a private 
company, which the electors of the place voted in 1915 to buy out, 
at the same time voting for the construction of works to bring water 
by gravity from the Sultan River, 25 miles distant. This source of 
supply had been recommended to the old company in 1911 by its 
consulting engineer, J. L. Stannard, and was again recommended by 
the author’s firm after an investigation of eleven possible sources, 
made in 1914 and 1915. The final plans and specifications were 
filed in April, 1916, and in June of that year the contract for con- 
struction was awarded. The contractors began work in that month 
but in October, 1918, abandoned operations. It will be noted from 
the dates given that the contract was awarded just prior to the time 
when labor and industrial work were beginning to feel the hardships 
of the war in Europe. These war conditions had much to do with 
the contractors’ difficulties, which finally resulted in abandoning 
the work. On November 10, 1919, the entire line was placed in 
service, the work having been carried on under the difficulties inci- 
dent to war-time construction, under the direction of the author’s 
firm, after its abandonment by the contractor. 

The supply is developed by means of a timber diversion dam, 
figure 1, and crib bulkhead. While the work was in progress there 
were two floods during which the discharge of the river was about 
16,000 cubic feet per second. These somewhat damaged the partly 
completed work. The dam does not contain a fishway, and in place 
of it the city established a fish hatchery, by agreement with the 
state authorities. 

A two-wire telephone line about 14 miles long has been built to 
connect these headworks with the outside world. A novel feature 
of the telephone line is that it was built in conjunction with the pipe 


1 Discussion of this paper is requested and should be sent to the Editor. 
2 Consulting Engineer, Kansas City, Mo. 


451 


a 
i 


452 CLINTON S. BURNS 


line, making use of steel bands that were rejected as not being suit- 
able for use in the pipe line construction, but were entirely satis- 
factory for utilization in connection with the telephone line. These 
bands were attached to the pipe and projected up about 2 feet 
directly over the center of the pipe, where telephone insulators were 
fastened and the wires thus strung along the top of the pipe. Aside 
from making a very economical and satisfactory location for the 
telephone line, this resulted in protecting the pipe from being used 
as a pathway for pedestrians. Most of the pedestrians in that coun- 
try are men going to and from the various timber operations, nearly 


Fig. 1. Construction VIEW oF DAM AND BULKHEAD 


all of whom wear heavily spiked boots and it is obvious that traffie 
of this kind on the top of an exposed wood pipe line would be very 
objectionable. 

The keeper has a well-built cottage and garden and there are 
cabins for the occasional visitors to the dam. The water passes 
through duplicate screens before entering the pipe line, and mechan- 
ical lifting devices have been provided to assist the keeper in clean- 
ing these screens. 

The pipe line from the dam has a capacity of 10,000,000 gallons 
per day. It comprises 101,838 feet of 28-inch wood stave pipe, 
8,650.8 feet of 22-inch wood-stave pipe, 20,678.3 feet of 28-inch 


NEW SUPPLY FOR EVERETT 453 


riveted steel pipe, and 576 feet of 30-inch cast iron subaqueous pipe 
at three stream crossings. This subaqueous work involved one 
crossing of the Snohomish River, a tidal stream 360 feet in width 
and water varying from 26 to 32 feet in depth, depending upon the 
stage of the tide. It also involved a similar crossing of a slough 
approximately 275 feet in width. This cast iron pipe was especially 
designed, weighing approximately 500 pounds per foot and provided 
with bell and socket joints. The subaqueous mains when tested 
were found to leak badly, and it was necessary to take them up and 
relay them. Even then one of them settled again, on account of 
poor foundations, and had to be repaired. 

The contractors’ failure to secure satisfactory work in the laying 
of these river crossings was due largely to the lack of proper equip- 
ment and lack of proper eare in the alignment and grade of the 
trench prior to laying the pipe. The method used by the con- 
tractors was to lay the pipe from skids or barges, lowering one joint 
at a time and in many instances the pipe was over-deflected, which 
caused injury to the joints by squeezing out the lead ring, which it 
was found very difficult to reealk by divers at this depth of water. 

After numerous attempts and efforts on the part of the con- 
tractors to secure a tight line, the engineers directed that the pipe 
line be entirely removed from the stream and relaid. This the con- 
tractors refused to do, and it was therefore necessary that the work 
be taken over by the city and completed under the direct super- 
vision of the engineers, as provided for under the terms of the con- 
tract. The entire line of pipe was removed by direct pull of a 
donkey engine securely anchored 400 feet back from the river bank. 
A government snag boat was employed to hook onto the pipe near 
the middle of the Snohomish River section, and separate the line 
into two pieces by a direct upward pull at one of the ball joints. 
This was done with no injury to the pipe line other than breaking 
a small section out of the bell end of one section of pipe. This 
section of bell was successfully repaired by the oxy-acetylene weld- 
ing process. The pipe line thus being divided into two sections was 
removed without difficulty by steel cables and a system of pulley 
blocks operating from the donkey engine. 

The method adopted by the engineers for the relaying of this 
pipe was to build a skidway on the bank of the river, practically on 
a level, extending back for the full length of the pipe line, 360 feet. 
The pipe was put together and the joints thoroughly calked on this 
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skidway. Provision was made at the river end of the skidway so 
that each joint would be deflected through the proper angle both 
ways, as the pipe was towed in place in the river bed. A bulkhead 
was built on the opposite side of the river of proper weight to with- 
stand the pull in the launching of the pipe. When the pipe was 
fully completed on this skidway, a sufficient length of } -inch steel 
cable was procured to operate the double system of pulley blocks so 
as to reduce the total pull to an amount within the capacity of the 
donkey engine. The skidway was greased and it was found that 
the starting pull was the most severe of any strain incurred during 
the operation of launching. Once the pipe started to move, it pro- 


Fig. 2. Protection or Woop STAVE PIPE 


ceeded uniformly and uninterruptedly throughout its entire drag 
across the river bed. The entire operation of launching occupied 
about 15 minutes. The weight of the pipe line is approximately 
90 tons. An effort was made to determine approximately the pull 
of the cable by determining the sag on the 800-foot span of cable 
between the donkey engine and the pulley block on the far side of 
the river. It was found, however, that the starting pull did not last 
long enough to quiet the cable so that this could be measured. At 
no time after the initial start did the stress on the cable appear to 
be more than one-half that induced by the initial pull. 

About half the wood pipe is buried and about half is exposed. 
The only reason for burying any of the pipe was on account of some 
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sections of heavy virgin timber, which will undoubtedly be logged 
within the near future and it was thought that the only way to 
protect the pipe satisfactorily during the logging operations would 
be to have it buried. The conditions of the soil in this timber 
country are such that it is found that wood pipe has a much longer 
life exposed than when it is buried. There were 19,722 feet painted. 

In securing the necessary grades and alignment, there were 93,927 
cubic yards of earth excavation, 5,038 cubic yards of rock excava- 
tion, 1,289 feet of rock tunnels, 66 feet of earth tunnels, one steel 
and two wood bridges, 1,499 feet of timber trestle, 74 blow-offs and 
57 air valves. About 2,000,000 feet, B. M., of stave lumber and 
350,000 steel bands were used. The country crossed by the pipe 
line is quite rough in some sections and it has been occasionally 
necessary to protect the pipe as shown in figure 2. 

The total cost of the new work has been $622,486, of which $45,760 
was for rights-of-way and legal expenses and $64,719 for engineering 
services, including design and the supervision of construction. The 
supervising engineer was R. E. Koon of the engineering staff of 
Burns and McDonnell of Kansas City, Mo., who were the consult- 
ing engineers for the city. 
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NOTES ON THE RESULTS OF EXPERIMENTAL BAFFLES 
AT MONTEBELLO FILTERS! 


By James W. ARMSTRONG? 


When the wooden baffles were first built across the coagulating 
basin, they were provided with small gates hinged at the top, per- 
mitting movement in either direction for the purpose of relieving 
the baffle of hydrostatic pressure at times of filling and emptying. 
The filling was accomplished satisfactorily, but when the time 
came for removing the mud it had become so firmly compacted 
against the baffles that the swinging gates could not operate and 
the baffles collapsed. As the accident happened in cold weather, 
no attempt was made to repair the baffles until June, 1919, when No. 
1 across the north half of inlet side of the basin was rebuilt in its 
original position and the one on the south half was moved forward 
about 50 feet. In moving it forward, the sloping bottom of the floor 
had the effect of lowering the elevation of its top 1.2 feet. The 
position of the hinges on the swinging gates was changed from the 
top to the bottom and heavy wooden strips were secured to the 
top. The buoyancy of the wood shut the gates and held them in 
position as long as water was in the basin, but as soon as water was 
withdrawn below the top of the gates, the weight of wood on top 
and the pressure of water behind opened the gates. No further 
trouble was experienced when the basins were cleaned, although 
mud was packed solidly against baffle No. 1 from top to bottom. 
The plan, figure 1, and profiles, figure 2, of the basin show the 
surface of the mud, and the location and elevation of the baffles 
on December 31, 1919, when a careful survey of the mud surface was 
made. An inspection of these diagrams indicates that the sediment 
was carried forward for a distance of about 100 feet, and from that 
point to baffle No. 1 it was deposited very evenly. At the baffle there 
was an abrupt drop in the mud surface of about 3 feet, and from 


1 This paper is supplementary to one published in the JouRNAL, June, 1919. 
Discussion is requested and should be sent to the Editor. 
? Filtration Engineer, Baltimore Water Department. 
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there on to baffle No. 2 there was some irregularity of deposit, as 
might be expected, due to the change in direction of the flow. From 
baffle No. 2 to the skimming weir, the deposit was also fairly uniform. 

During the period of service the rate of flow ranged from 80,000,000 
to 154,000,000 gallons per day and averaged 114,000,000 gallons. 
From Table 1 the depth of water over the baffle and the velocities 
at various rates are given. 

The velocity at the entrance baffle is too high to secure satisfac- 
tory subsidence, as is evidenced by the fact that only the heavier 
particles of suspended matter settled out before the water had trav- 
eled nearly 100 feet. At baffle No. 1 the velocity ranged between 


TABLE 1 
Velocity of water over baffles in feet per second, basin No. 1 
ani mh BAFFLE No. 1 BAFFLE NO. 2 SKIMMING WEIR 
RATE OF PUMPING | Average Average Average Average 
depth of depth of depth of depth of 
water | Velocity} water | Velocity! water | Velocity) water locity 
over over over over 
baffle baffle baffle baffle 
mil. gals. daily feet feet f ps | feet fe feet fe 
80,000,000 1 1.15 | 4.3 0.25 | 5.5 0.19 | 1.9 0.60 
100,000,000 1 1.46 | 4.3 0.31 5.5 0.24 1.9 0.75 
114,000,000 1 1.65 | 4.3 0.35} 5.5 0.27 1.9 0.86 
128,000,000 1 1.84 | 4.3 0.39} 5.5 0.31 1.9 0.97 
140,000,000 1 2.01 | 4.3 0.44; 5.5 0.34 | 1.9 1.06 
154,000 ,000 1 2.20 |} 4.3 0.48 | 5.5 0.37 1.5 1.16 


0.25 and 0.48 foot per second, with an average of 0.35 foot. The 
result is apparently quite satisfactory at this baffle, and the velocity 
must have been nearly equal across the entire basin, as the mud de- 
posits were nearly level, in marked contrast to the sloping surface of 
the mud as shown when the reservoir was cleaned on various occa- 
sions prior to the placing of this baffle. 

At baffle No. 2 the velocity is somewhat lower than at baffle No. 
1 on account of its top being at a greater depth below the water 
surface. The distribution of sediment at this baffle is not nearly 
so good as it is at baffle No. 1. The contour map shows the greater 
deposit on the south side of the basin. The indications are that the 
velocity over this baffle is a little too slow, and if its top had been 
raised from 1 to 1} feet higher, the probability is that a more uniform 
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Fig. 1. Deposit 1n Basin 1 ON DECEMBER 31, 1919 


The average difference in elevation of the mud surface at Baffle 1 is 2.1 
feet, the average elevation on the building side being 215.4 feet. Average 
water level, 221.4 feet. 
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deposit of sediment would have been secured. The velocity of the 
water in passing over the skimming weir varies from 0.6 to 1.16 
feet per second, and is, undoubtedly, too high for satisfactory results, 
as it was noticed on many occasions that sediment was picked up 
and carried over the weir. At times, when stop planks were re- 
moved from the baffles, a lighter and more uniform floc was noticed 
in the water as it passed though the gates to the filters. 

In order to compare the subsiding value of basins No. 1 and No. 
2, which are practically identical with the exception of added wooden 
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1919 


baffles in basin No. 1, a daily record of the turbidity has been made. 
The monthly averages are given in table 2, from January, 1919, to 
the end of March, 1920. The water entering the two basins was 
identical, having the chemicals incorporated in a common mixing 
chamber. 

For the first five months in 1919, during which the wooden baffles 
in basin No. 1 were in a partially collapsed condition, the two basins 
did almost the same amount of work, basin No. 2 giving slightly 
better results. In June, basin No. 1 was thoroughly cleaned and the 
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baffles rebuilt. From that date until December, 1919, when the 
survey was made, basin No. 1 showed an average of 5.0 and basin 
No. 2 an average of 6.3 turbidity going onto the filters. Beginning 
with 1920, due to cold weather and bad water, it was impracticable to 
clean basin No. 1. As a number of storms occurred, bringing very 
heavy sediment to the plant, basin No. 1 was filled with mud to a 
height above the top of No. 1 baffle by the time it was cleaned on 
February 15. For a month and a half during this period of high 
, turbidities, basin No. 1 did very much poorer work than No. 2 owing 
to the fact that it was nearly full of mud, but immediately after clean- 
ing, it did very much better work than No. 2, as is shown by results 
in the table. 


TABLE 2 


Monthly average turbidity of effluent from coagulating basins 


< < < < < < < < 


1919 | 1919 | 1919 1920 


January.../7.1/7.1) May...|7.0}5.0) September . |5.0/6.0) January....| 8.5) 9.9 
February .|9.0/9.0| June... |4.66.7) October....|5.45.3) Feb. 1-14. ./21.3)11.7 
March. .../9.0/9.0} July....|4.0|5.0) November.. |5.5/6.8) Feb. 15-29../ 6.2) 8.8 
April..... August |5.0/7.0| December.. March......| 8.2/14.0 


Average, January to May, 1919, inclusive; basin 1, 8.0; basin 2, 7.6. 
Average, June to December, 1919, inclusive; basin 1, 5.0; basin 2, 6.3. 
Baffles were rebuilt in June, 1919. 

Basin 1 was cleaned on February 15, 1920. 


The observations seem to indicate that a velocity from 0.35 to 
0.4 foot per second over the top of the baffle will give a fairly uniform 
flow, which will secure nearly equal subsiding values in all parts of 
the basin; that the velocity over the entrance baffle and skimming 
weir is too great, and that better results would probably be secured. 
if it were reduced; that the efficiency of basin No. 1, even with the 
improper velocity at all the baffles except No. 1, is markedly better 
than No. 2, so much so that at times of high turbidity the difference 
in the effluents from the two basins is so great that it often presents a 
marked contrast to the eye. 
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PUMPING CROTON WATER BY HYDRAULIC POWER: 
WATER SUPPLY OF NEW YORK! 


By WInNFRED D. HusBBArp? 


The present water supply for that portion of Greater New York 
comprised in the Boroughs of Manhattan and the Bronx is obtained 
from the Catskill and Croton sources. Water from the Catskills is 
delivered by gravity to Hill View reservoir, an equalizing reservoir 
located on high ground north of the City at elevation 295, and is 
conveyed from this point to and through the city in a deep pressure 
tunnel. At various locations on the line of this tunnel, riser shafts 
are constructed, provided with chambers just below the street level 
in which are installed the valves and controlling devices which 
afford connections with the distribution system. The Croton 
gravity supply is delivered to Jerome Park reservoir in the Bronx at 
elevation 134, to the 135th street gate house (the terminus of the 
New Croton aqueduct) at elevation 124, and to the Central Park 
reservoir at elevation 119. A steam pumping station of about 
30,000,000 gallons daily capacity is located at Jerome Park and two 
steam stations at 179th Street and 98th Street, with a combined 
capacity of about 60,000,000 gallons daily, receive water from the 
Croton supply. 

The pressures under which water is delivered to consumers vary 
with the topography of the districts, the height of buildings and the 
friction losses in the distribution mains. These may be grouped 
into three classes; the High service which is chiefly supplied from the 
Catskill system, the Low service which is a Croton gravity supply, 
and the Intermediate service which is supplied by pumped Croton 
water or Catskill water at reduced pressure. In the latter cases, the 
reduction in pressure is accomplished by throttling the discharge of 
the valves controlling the outflow at the city tunnel riser chambers 
The areas comprising one class of service are not contiguous but ar 


1 Discussions of this paper are requested and should be sent to the Editot/ 
2 Assistant Engineer, Department of Water Supply, Gas and Electricity 
New York, N. Y. 
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distributed throughout the boroughs, the boundaries being changed 
at intervals to meet consumption requirements. As the pressure 
requirements necessary for satisfactory service increase, there is a 
constant diminution of the low service areas with a corresponding 
increase in the Intermediate service consumption. The scarcity of 
coal and its consequent high cost in recent years has tended to 
augment the proportion of Catskill water used in the Intermediate 
service. As a result of the conditions mentioned, there has been a 
material reduction in the use of the Croton supply, and in 1918 the 
consumption of this water had fallen to about 196,000,000 gallons 
daily, which is substantially 50 per cent of the normal Croton yield 
of 390,000,000 gallons and 58 per cent of the minimum safe yield of 
336,000,000 gallons daily from this watershed. 

This reduction in the use of Croton water had been foreseen by 
the engineers of the department and various plans had been con- 
templated for the utilization of more water from this source. In 
the main, the projects embraced steam pumping within the city 
limits, the generation of electric power at favorable locations in the 
Croton watershed, its transmission and the pumping of water from 
Croton lake into the Catskill aqueduct by motor-driven pumps, and 
hydraulic operated pumping plants in the city. This last project 
involves some elements of novelty, and it is thought that a brief 
discussion of the scheme may prove of interest to members of the 
Association. 

In brief the plan contemplates the utilization of the power now 
lost in the operation of throttling the discharge of Catskill water 
from the High to the Intermediate service by the passage of this 
water through hydraulic turbines, and the conversion of the lost 
head into power capable of operating centrifugal pumps which 
would take Croton water from Low service mains and deliver it to 
the Intermediate service. Factors of importance in the considera- 
tion of a project are as follows: 

1. The difference in gradients between the High or Catskill and 
the Intermediate services. This would be the nominal head on the 
turbines. 

2. The difference in gradients between the Intermediate and the 
Low or Croton services. This would be the nominal lift of the 


pumps. 
3. The friction losses involved in conveying the water to and from 

a turbine-pump installation. These would operate to reduce the 

available head and increase the lift mentioned in 1 and 2. 
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4. The nominal consumption in an Intermediate service area 
tributary to a proposed plant. 

5. The fluctuation in consumption in the tributary area. Factors 
4 and 5 are of importance in the determination of the capacity of an 
installation and the capacity and type of regulating devices. 

6. The availability of large capacity mains under Intermediate 
and Low pressures in close proximity to the Catskill shafts. Mains 
of this character are essential to avoid excessive friction losses under 3. 

During 1919 the matter was investigated by the author and all 
available data regarding consumption in various districts, pressure 
records, service gradients as existing and as anticipated in the near 
future, probable gradients at the sites of possible installations and 
the probable effect of proposed changes and additions to the distri- 
bution systems were examined and studied in detail. From the 
standpoint of economy in construction, least disturbance of existing 
conditions, and the maximum utilization of low service Croton water, 
the following locations of turbine pump installations gave the most 
promise. 

1. Shaft 3 in the Bronx. This Catskill shaft is in close proximity 
to the Jerome Park reservoir from which Croton water would be 
obtained for the pumps. The discharge from the plant would enter 
existing Intermediate service feeders. 

2. Shaft 17, Manhattan. This shaft is at Bryant Park on Sixth 
Avenue at 41st Street. A new main for the pump supply would be 
needed to connect with the existing large capacity mains in Fifth 
Avenue. The discharge would enter existing feeders. 

3. Shaft 18, Manhattan. This shaft is at Broadway and Fifth 
Avenue opposite Madison Square. At this point Low and Inter- 
mediate service mains of large capacity (36 and 48-inch) are avail- 
able in Fifth Avenue, adjacent to the shaft chamber. 

Conditions at these locations are shown in table 1. The theo- 
retical horse power developed by passing 1,000,000 gallons daily 
through the turbines and that required to lift 1,000,000 gallon daily 
by the pumps under the conditions given in table 1 would be as 
given in lines 7 and 8. This theoretical power would be modified 
by the efficiency of the apparatus, and the horse power per million 
gallons daily developed by the turbines and that required by the 
pumps with the ratio of the pump power to the turbine power for 
efficiencies of 80 and 75 per cent are given in lines 9, 10 and 11. 
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TABLE 1 
Hydraulic data of plants for pumping water from Croton mains into intermediate 
service mains by pumps operated by Catskill water from High-service mains, the 
discharge from the turbines going into the Intermediate service mains 


CATSKILL SHAFT 


. Elevation of service gradient, feet 


8. Theoretical horse-power per mil- 
lion gallons daily required by 


. Net horse-power per million gal- 
lons daily developed by turbine, 


10. 


11. 


12. Nominal daily consumption, gal- 


13. 
Minimum daily consumption, gal- 

Percentage minimum is of nomi- 


14. 


15. 


Daily plant output equal to entire 
supply 


3. Intermediate service......... 220 180 
133 95 

5. Head on turbine, feet............. 70 102 

7. Theoretical horse-power per mil- 
lion gallons daily developed by 


80 per cent efficiency............ 9.83 14.33 
Net horse-power per million gal- 

lons daily required by pump, 75 

per cent efficiency............... 20.36 19.90 
Ratio of pump power to turbine 

power 2.07 1.39 


a6. Trirbime; wallobs. 30,300,000 | 20,400,000 
Daily plant output equal to minimum 
rate 
18. Turbine, galions............... 21,600,000 | 12,200,000 
19. Pump, 10,400,000 8,800,000 
Daily plant output with 10 per cent 
regulation 
Turbine; @allons. 28,300,000 | 18,000,000 
23. Bypassed, gallons.............| 3,000,000 4,000,000 


16.85 


16.38 


0.97 


49,000,000 


32,000,000 
33,000,000 


24,100,000 
24,900,000 


30,600,000 
31,400,000 
62,000,000 

3,000,000 
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* Total utilization of Croton water, 62,300,000 gallons daily. 
t Total utilization of Croton water, 44,100,000 gallons daily. 
t Total utilization of Croton water, 58,100,000 gallons daily. 
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Assuming that the entire intermediate supply would pass through 
the turbine-pumps, the relative quantities of water handled under 
nominal conditions by the turbines and pumps are indicated in 
lines 16 and 17. These figures, being based on nominal average 
daily consumption, indicate a use of Croton water through the 
pumps greater than could ever be realized in practice, inasmuch as 
a plant of the character under consideration would not have suffi- 
cient flexibility to follow the variation in consumption in a tributary 
district. 

An examination of chart records from large Venturi meters gave 
valuable information regarding the fluctuation in consumption 
through the 24 hours of a day. It was of interest to note that the 
minimum rate, which usually occurred at 3 or 4 o’clock in the morn- 


TABLE 2 


RANGE IN PERCENT- 

APPROXIMATE 
AVERAGE 

SHAFT DISTRICTS DAILY FLOW 


Maximum |Minimum 


gallons 


2 | Catskill water supplied to city tunnel.} 400,000,000 120 80 
30,000,000 135 65 i 

3 | Largely residential................... 20,000,000 140 60 

17 | Hotel and business.................... 35,000,000 140 60 

18 | Office, business and water front....... 65,000,000 125 75 


ing, showed much smaller variation than the maximum rate, which 
as a rule was found about 9 o’clock in the morning. The former is 
probably influenced by leakage, which is a constant factor. The i 
latter is influenced by the season of the year and by the day of the : 
week, reaching a maximum value in extremely hot or cold weather. 
In office and business districts the daily maximum usually was found 

on Monday and the minimum on Saturday afternoon and Sunday. 

In residential districts the maximum was usually noted on Saturday, 

Sunday or a holiday. The above tendency tends to stabilize the 

consumption of the city as a whole. The departure of the extreme | 
rates indicated by the charts from a 24-hour average practically 
balanced; that is, the swing from mean to maximum equalled the 
swing from mean to minimum rates. The consumption range be- 
tween recorded maxima and minima showed a tendency to decrease 
with an increase in the size of a district and the total consumption. 
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The magnitude of the range in some of the districts studied is given 
in table 2, the maxima and minima being values which occur but 
few times a year. 

To illustrate the hourly fluctuation in consumption figure 1 is 
reproduced from the Venturi meter records. On this diagram the 
average daily flow for a typical week and that on the maximum and 
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Fig. 1. Dainty FLow To INTERMEDIATE SERVICE FROM SHAFTS 17 AND 18 


minimum day from Shaft 17 and Shaft 18 are given. In connection 
with figure 1 it should be mentioned that in accordance with the 
method of curtailing consumption in the down-town district tribu- 
tary to Shaft 18 in force when the records were taken, the lines do 
not represent a flow under uniform pressure, it being the practice to 
drop the feeding pressure about 10 pounds during the night hours 
and on Sunday. 
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The diagram indicates the conditions of fluctuating flow in dis- 
tricts which would be supplied by a turbine-pump installation.® In 
the original design of the Catskill shaft outlets, the fluctuation in 
consumption was provided for by automatic regulation of the flow 
through the connections by means of pressure regulators set on 
bypasses around the main supply valves (see figure 2). In opera- 
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Fig. 2. Proposep TuRBINE-PumpPp INSTALLATION AT SHAFT 18 


A, 48-inch Catskill shaft risers; B, 30-inch bronze valves, for emergency 
use only; C, 30-inch cast iron valves, for operating control; D, pressure regula- 
tors; EZ, 16-inch cast-iron valves; F, G, connections have Venturi meters; H, 
connection to have Venturi meter; J, J, K, L, discharge to be measured by 
meters in Intermediate service mains; valves on these connections not shown. 


tion a main valve was set to deliver a quantity of water somewhat 
less than the minimum draft to the district and at the desired pres- 
sure. The regulator on the by-pass, when adjusted for the proper 
pressure change, automatically delivered water as required to follow 
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the consumption curve. The supply to the Intermediate service 
from shaft 17 is regulated satisfactorily in this manner and no 
regular attendance is provided in the shaft chamber. A pressure 
recording gage placed at this chamber indicated that the regulation 
was possibly somewhat sluggish; that is, the discharge did not exactly 
balance the consumption at all times with the result that the pres- 
sure at times built up slightly above normal and at other times fell 
below, the maximum variation noted on the chart records being 
about 7 pounds. At shaft 18, the delivery to the Intermediate 
service is in excess of the capacity of the automatic regulating 
devices and an attendant is stationed at this chamber to manipulate 
valves by hand to maintain a proper pressure and rate of discharge. 

A turbine-pump installation designed to operate at practically 
constant speed and uniform delivery throughout the 24 hours of a 
day, of a capacity equal to the minimum rate of consumption with 
provision to supply all water required in excess of this minimum 
rate through automatic regulators, manual controlled valves or both 
would prove satisfactory in many respects. Plants operating on 
this basis at the shaft sites under consideration would utilize Croton 
water to the extent shown by lines 18 and 19 of table 1. 

It is not thought advisable to depend upon automatic operation 
and regulation in installations of the capacity required at any of the 
shaft locations mentioned; attendance would be essential to safe- 
guard against accident and to provide for emergencies. Further- 
more with the probable extension of district boundaries and normal 
increase in consumption, the numerical value of the minimum rate 
would tend to increase and a plant designed for the minimum rate 
of today would not be able to utilize the proper portion of Croton 
water in the near future. With attendance at the stations, it would 
appear practicable to secure a certain variation in the discharge of 
turbine-pump units by changing the speed of the turbines within 
reasonable limits through the manipulation of the turbine wicket 
gates. Assuming that such regulation would result in a 10 per cent 
increase or decrease in output of the plant, operation would be 
as noted in lines 20, 21, 22 and 23. 

The amounts of Croton water which would be pumped and made 
available under the assumptions heretofore made would be 62,- 
300,000, 44,100,000 and 58,100,000 gallons daily. In practice the 
utilization of Croton water would probably fall between the last two 
sets of figures, but with not undue care on the part of the operatives 
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it appears reasonable to assume that it would not be far from 
50,000,000 gallons daily at the three points considered. Similar 
smaller plants are possible at other Catskill riser shafts, but data 
regarding them are omitted from the present paper. 

Inquiries and a search through technical literature disclosed no 
instance where a plant was in existance in which the discharge from 
the turbine and that from the pump entered a common outlet. 
Instances where turbine-driven power or centrifugal pumps were in 
use were found, but in these cases the discharge from the turbines 
entered a reservoir or stream through the draft tube usual in hy- 
draulic practice. A case was also noted where the discharge from 
one turbine was utilized to operate a second turbine, the two units 
being in tandem. Manufacturers of hydraulic turbines, however: 
appeared to note no great difficulty in operating a turbine in the 
manner desired. 

It is apparent that to secure efficient operation of a unit, the 
various service gradients must be maintained at substantially the 
elevations assumed in the design. At the three sites considered in 
this paper, the gradients of the High and Low service would be 
very stable but the Intermediate service gradient would be subject 
to considerable fluctuation unless water in proper quantities was 
by-passed around a unit to hold up the pressure. The experience 
obtained with the present methods of supplying the Intermediate 
districts indicate, however, that it is entirely practicable to main- 
tain a satisfactory gradient by bypassing at the proper times. 
Should the consumption in a tributary district fall at any time 
below the output of the turbine-pump units, due to shutting off 
large mains for repairs or other causes, this output could be reduced 
by throttling the pump discharge or by bypassing water through a 
gate or relief valve from the Intermediate to the Low service. 
Should the draft in a tributary district be suddenly augmented by a 
serious break in the mains at any point, with a consequent sudden 
drop in pressure, the discharge from the shaft chamber would have 
to be controlled by closing the inlet valves on the turbines and 
pumps or the main riser valves in the Catskill shafts. 

The present Catskill shaft chambers are underground structures 
just below the street level, and turbine-pump units with controlling 
valves, etc., would be housed in similar chambers adjacent to or 
forming an extension of the existing chambers, To facilitate the 
work of inspection and repair and to avoid deep operating rooms, 
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turbines and pumpsof the horizontal type are proposed, the turbines 
to be of the scroll-case type equipped with hand-operated wicket 
gates. A governor to maintain constant speed is not deemed 
advisable. In the absence of a constant speed governor, a slight 
increase in pressure in the Intermediate system due to a falling off 
in consumption below the plant output would tend to reduce the 
head on the turbine and increase the lift of the pump; thus causing 
a slowing down in the operating speed with a resultant reduction 
in discharge. A decrease in pressure would operate in the opposite 
manner. Suction difficulties are obviated in the case of the pumps 
since water from the Low service supply would be delivered in the 
chambers under a head; for example, the operating floor at shaft 18 
would be about elevation 30. 

The preliminary studies indicated that the location at shaft 18 
would be the most economical as regards unit capacity and would 
handle the greatest quantity of Croton water, consequently tenta- 
tive plans were made for an installation at this point in the summer 
of 1919. At that time it was estimated that a suitable chamber 
containing two turbine-pump units of 65,000,000 gallons daily 
total capacity, with the necessary valves and connections with 
existing mains, would cost about $85,000, of which $12,000 was 
allowed for the turbine-pumps. The operating speed of the units 
would vary with the type selected and would be between 600 and 
900 r.p.m. The floor space required for a single turbine-pump 
unit would be from about 100 to 70 square feet. 

A possible layout is shown by figure 2. In this case the bypassing 
for regulation would be done by means of the existing valves and 
piping connected to the two southerly riser outlets. Based on the 
above estimate of cost, the cost per million gallons to pump Croton 
water with the hydraulic plant would be about one-quarter the cost 
of pumping at the existing steam stations. . 

On account of the presence of the Victory Arch on the site of the 
proposed station, it was impracticable to proceed with any con- 
struction at the time the studies were made and the favorable yield 
of the Esopus watershed in the summer and fall of 1919 lessened the 
anticipated need for greater utilization of the Croton supply. Should 
the yield of the former watershed fall much below the normal such 
utilization will become necessary and the proposed plant may 
become a reality. 


| | 


THE WAR BURDENS OF WATER WORKS IN THE UNITED 
STATES CONTINUE! 


By Leonarp 


Through the courtesy of their managers it has been made possible 
to extend to January 1, 1920, the data submitted in 1918 and 1919 
to this Association, upon the trend of prices in the water works 
construction and operating fields, based upon the actual experiences 
of about 50 water works in various parts of the United States, hav- 
ing a gross annual revenue of about $34,000,000 and serving an 
aggregate population of upwards of nine million. 

In the light of the burdensome increase in cost of living, even 
since the termination of the war by the declaration of the armistice, 
and the many evidences of profiteering in different fields and com- 
modities, it is gratifying to be able to say that as a whole, and prob- 
ably without substantial exceptions, the water works of this coun- 
try have met their obligations to the public in a conscientious, 
effective and adequate manner, in spite of dangerous reduction in 
profit in almost all cases and its actual elimination in many. 

In table 1 is shown a summary of data upon increase in cost of 
unskilled labor and of materials used in the construction and opera- 
tion of water works. 

Labor costs. Unskilled labor costs continued their advance dur- 
ing the year 1919 and are yet higher today. The percentage of 
increase in cost per hour over prewar (1915) prices averaged about 
80 per cent, approximately 70 per cent in the western and central 
groups and 90 per cent in the eastern and southern. The average 
increase for the year 1919 over 1918 is about one-eighth. These 
results are also shown diagrammatically in figure 1. 

While the efficiency of labor is probably slightly better than dur- 
ing the war period, it is still far below prewar standards. It is con- 
servative to say, that taking productivity into consideration, as 


1Read at the Montreal Convention, June 24, 1920. Discussion of this 
paper is desired and should be sent to the Editor. 
2Of Metcalf & Eddy, Cons. Engrs., 14 Beacon Street, Boston, Mass. 
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TABLE 1 


Summary of data upon increase in cost of unskilled labor and materials to water 
works in the United States, from prewar basis (characterized by 1915 


costs) up to 1920 


ITEM 


1. Unskilled labor in cents 
per hour 

(a) Eastern Group......... 

(b) Central Group.......... 

(c) Southern Group........ 

(d) Western Group......... 


(e) Average of Groups...... 
2. Cast iron pipe per 2000 
pounds, approximately. . 
6-inch valves............... 
12-inch valves.............. 
2-way hydrants............ 
Coal per 2000 pounds 
(a) Eastern Group......... 
(b) Central Group.......... 
(c) Southern Group........ 
(d) Western Groupf........ 


(e) Average of Groups...... 
Fuel oil in cents per gallon. 


= 


. Alum, cents per pound 

(a) Eastern Group......... 
(b) Central Group.......... 
(c) Southern Group........ 
(d) Western Group......... 


(e) Average of Groups.... . 
(f) Average New York. 


PERCENTAGE 
Rag PRICES PER UNIT 
4 1915 1916 1917 1918 1919 |1916|1917|1918}1919 
15-18} 23.0¢ 26.7¢ 30.4¢ | 40.2¢ 43.8¢ | 16 32) 75) 91 
10-12} 21.7¢ 25.3¢ 26.9¢ 37.2¢ 36.8¢ | 17 24) 71) 70 
9-12] 17.9¢ 20. 6¢ 24.5¢ 34.3¢ 34.4¢ | 15 37| 92] 92 
7-8 27.0¢ 28.5¢ 31.4¢ 41.8¢ 46.4¢ 5 16] 55) 72 
22.4¢ 25 .3¢ 28 .3¢ 38.4¢ 40.4¢ | 13 71) 80 
17-21} $24.23 | $30.70 | $51.60 | $67.74 | $69.20*| 27 | 113) 179)184 
11-38} 11.18 12.64 19.13 19.13 20.73 | 13 71} 71) 85 
3-38] 34.78 41.53 65.22 65.02 59.66 | 19 88) 87| 72 
6-38} 26.69 32.04 42.13 | 51.80 | 47.16 | 20 62} 94] 77 
13-15} $2.98 $3.80 $5.96 $6.00 $5.41 | 27 | 100) 101) 82 
11-12 2.41 3.77 3.75 4.53 4.55 | 15 56} 88] 89 
12-9 1.92 2.01 3.03 3.89 3.78 5 58} 102) 97 
5-4 3.97 4.37 6.31 7.92 4.70 | 10 | 59} 99) 18f 
$2.82 $3.24 $4.77 $5.57 $4.61 | 15 69} 97) 63 
1 1.80¢ 1.80¢ 2.00¢ 4.28¢ 0 11] 138 
1-4 1.38¢ 1.50¢ 2.57¢ 4.05¢ 4.09¢) 9 | 86) 193)197 
1.12¢ 1.72¢ 1.48¢ 1.45¢ 1.66¢| 54 33} 29] 48 
0.91 0.91 1.25 1.50 1.40 0 37| 65] 54 
1.08 1.38 1.48 1.78 1.56 | 28 | 37] 65) 44 
1.14 1.21 1.53 1.79 6 32} 34] 57 
1.06¢ 1.30¢ 1.43¢ 1.56¢ 1.60¢) 22 47) 51 
2.08¢) 4.63¢) 3.57¢ 


* Range $50.60 to $83.50 per ton. 
+ Small number makes record of doubtful value. 


Note: The following data were received from a large Southern city too late for inclusion in 


above table: 


the 


Average cost of common labor: 36 to 42 cents per hour; at present (1920), 42 to 45 cents. 
Cast iron pipe: $48.80 to $63.80. 

Valves; 6-inch, $31.80; 12-inch, $72.90. 

Two-way hydrants, 4-inch, 4} feet depth: $53.75. 


Coal, per 2000 pounds: $4.36. 


Fuel oil, per gallon: 0.79 to 1.70 cents; average, 1.06 cents. 


Fig.| INCREASE IN CosT OF UNSKILLED LABO 
OVER PRE-WAR (915) BAsis 
WITHOUT ALLOWANCE FOR LOSS IN EFFICIENCY OR 
OUTPUT WHICH 1S ESTIMATED AT 25% MORE OR LESS 
LEONARD METCALF - BOSTON, MASs. 
Per CENT /NCRE 
CENTS PER HouR over (1915) Pre-War B. 
GROUP IWS 1916 | /917 198 \ 196 1917 | 19/8 
EASTERN 23.0| 26.7 | 30.4) 40.2) 438 32 15 
CENTRAL 21.7 | 25.3 | 26.9\ 37.2| 36.8 47 24 
SOUTHERN 17.9 | 20.6 | 245 | 343 | 344 is 37 92 
WESTERN 27.0 | 28.8} 31.4) 41.8 | 46.4 5 /é 55 
| 224| 26.3| 283| 36.4| 40.4) 13 | 27 | 7 
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well as the price paid per hour, the cost of unskilled labor is more 
than double its prewar cost. 
Cast iron pipe prices are today practically three times normal 
prewar prices; the cost of valves and hydrants slightly less than double. 
Coal prices have receded somewhat, more nearly approaching the 
conditions of 1917 than 1918. 


TABLE 2 
Labor prices paid by water works in the vicinity of Boston, March 23, 1920 


< < <A <0 
a2 | 82 | of 23 
PLACE ag ab < 
RO Re <2 <2 
< a< b a o<| & 


Somerville.............. 
4.00 | 0.526 | 0.557-0.568 44 Not paid} No} ? 


oo 
= 
—) 


Not paid 


4.16 | 0.589 4.48 0.635 44 Not paid} Yes | No 
4.25 | 0.621 4.75 0.621 44 Paid Yes | Yes 
I vacodecskssenes 4.00 | 0.586 4.25 0.621 44 Paid Yes | No 
4.00 | 0.586 4.50 0.659 44 Paid Yes | No 
cans 4.25 | 0.621 5.00 0.732 44 Some Yes 


Paid 


Paid 


2.294 4.00 | 0.586 | 4.25-4.50 0.621 44 Paid Yes | Yes 
eT rr 4.00 | 0.534 4.50 0.600 48 Paid Yes | No 
4.00 | 0.534 4.25 0.567 48 Paid Yes | No 
Cambridge............. 4.00 | 0.586 4.25 0.621 44 Paid Yes 

Brookline...............]| 4.25 | 0.584 4.42 0.608 44-48 | Paid Yes | No 
4.00 | 0.500 4.25 0.531 48 Not paid} No | Yes 
4.00 | 0.518 4.50 0.582 48 Not paid| Yes | No 
4.40 | 0.569 4.96 0.642 48 Not paid| Yes 


4.75 0.694 44 Paid Yes 


March 23, 1920.......... 13 of 44; | 14 Paid 


6 Not 


pe 15 of 44; | 13 Paid 
Comparative average...| 43.2¢ | 46.1¢ 47.7¢ 51.0¢ 7 of 48 8 Not 5 No 


In table 2 are given comparative figures showing unskilled labor 
wages paid by water works in the vicinity of Boston, as of the end 
of March, 1920. Comparing them with the records of a year earlier 
the nominal increase in rate per hour has been from 43.2 to 50.6 


, 
j 
44 Paid | Yes | No 
| 
Lexington..............| 3.50] 0.437 3.75 0.469 48 No | Yes ee 
4.00 0.586 | 4.25-4.50) 0.621 Yes | Yes 
4.00 0.586 4.25 0.621 44 | Yes | Yes 4 
| 
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cents; the actual increase, including allowance for holidays and 
vacation leave, from 46.1 cents to 56.7 cents per hour, 21 per cent. 
Fourteen out of 20 departments grant holiday leave under full pay, 
and 17 out of 20, two weeks vacation annually under pay. 

In figure 2° are shown the gross annual revenue, operating ex- 
penses including taxes, and the net annual revenue applicable to 
depreciation, interest, dividends and surplus, of 46 works arranged 
in four groups covering the eastern, central, southern and western 
sections of the country. The percentage increases over the prewar 
conditions, exemplified by those of the year 1915, are given, together 
with the average rate of increase applicable to the entire list. 

Attention is called pointedly to the fact that these figures are 
shown in two ways, with and without the inclusion of the records 
of the cities of Detroit and Mingo Junction. The conditions there 
prevailing have been so very abnormal, it is believed, as to require 
the elimination of these records from consideration in deriving 
average figures. 

From this record it appears that the gross annual revenue has 
increased in the years 1916 to 1919, inclusive, over prewar condi- 
tions, progressively, by 8.5, 13.5, 22.7 and 24.5 per cent. These 
amounts are all substantially below a normal rate of increase for 
such works, 

The operating expenses including taxes have increased progressively 
over the prewar basis by approximately one-eighth, one-third, one- 
half and slightly over one-half. 

The net revenue, without deduction for and therefore applicable 
to depreciation, interest, dividends and surplus, has increased over 
the prewar (1915) basis by 3.4, —0.4, 4 and 8.5 per cent. This 
increase is less than half of what would be expected for such works 
in normal times. These figures indicate that in spite of the advances 
in rates which have been granted in many places, the net revenue 
of the works is not adequate to command capital for their better- 
ment over a long period of time. They indicate further, as will be 
seen from the diagram, that of the net burden resulting from war 
conditions about half has been borne by the works; the other half by 
the public which they serve. 


3’The records of one large Southern City were received too late for inclu- 
sion in the above averages. They show an increase in gross revenue of 
54.5 per cent; in operating expenses, 79.5 per cent; and in net revenue, 2.5 
per cent. 
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A segregation of the records submitted, as between municipally 
and privately owned works, indicates that the increase in gross 
revenue for both of these has been approximately the same; that 
the increase in expenses has been more than twice as great for the 
privately owned group as for the municipally owned; and that the 
net revenue of the privately owned group has practically stood still 
while the municipally owned group has been increased approxi- 
mately 40 per cent. This comparison cannot be carried too far, 
however, as the list of municipally owned works is not sufficiently 
large to be thoroughly characteristic. Moreover, in the case of 
the municipally owned works the records of which are included, 
a much greater proportion have gravity supplies than in the case 
of the privately owned group. This has served to minimize the 
increase in expenses which would otherwise have been felt. It may 
be that the decrease in available labor during the war period had 
a more material effect upon the municipal works than upon the 
private works and resulted in economies which would not have been 
possible in these public works under normal conditions. More 
important yet, it is to be observed that in the case of the municipal 
works substantially no taxes are paid, whereas in the privately 
owned group the taxes generally amount to about one-eighth of the 
entire gross revenue, and these taxes have, of course, been burden- 
somely increased since the war burdens began to make themselves 
felt. This influence is the most important one of those responsible 
for the comparative results referred to. As previously stated, 
however, limited weight only can be given to these comparative 
results of operation by municipally and privately owned water 
works. 

Analysis of taxes paid by privately owned water works shows inter- 
esting results. Excluding the returns from water works located in 
the State of Pennsylvania, because the basis of taxation is quite 
different there and incomparable with that prevailing in other 
states, it appears with respect to the privately owned waterworks 
that,—under average conditions: 

1. One-eighth of their gross income is paid out in taxes. 

2. The tax payments are equivalent to nearly 30 per cent of the 
net income applicable to depreciation, interest, dividends and surplus. 

3. The increase in taxes paid in the year 1919 over those paid in 
1915, was 68 per cent, or slightly over two-thirds. 


= 
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4. The increase in the taxes paid in 1919 over those paid in 1915 
constituted 27 per cent, or slightly over one-fourth of the increase 
in the cost of operation (including taxes) of these works. 

Summit of high prices reached. It is generally conceded that 
the summit of the high prices has been reached, where it has not 
been passed, and that, as to materials at least, and probably in 
lesser degree as to labor also, some recession in price is to be looked 
for. There is still, however, so marked a shortage of materials and 
labor, comparable with the demand, that construction costs are 
certain to remain high during the year 1920. 

The financial outlook for existing water works is not encouraging. 
It is evident that the earnings during the war period have not been 
adequate to maintain the properties and pay a fair return upon 
their value. Such a condition cannot long continue without serious 
future embarrassment. The position that may be taken by the 
public service commissions or their regulatory authorities will be 
reflected later in the character of the service rendered. If fair 
advance in rates be granted, first class service can be maintained. 
If this advance be retarded or be not adequate, a declining service 
must result. The increase in rates in the face of the present high 


cost of living will be very distasteful to the public and in some cases 
induce active opposition. Therefore it is important that in making 
application for relief, the evidence should be clearly presented by 
the water works authorities, that the facts may speak for them- 
selves and the difficulties of the commissions be minimized. 


ELECTRIC CAST IRON PIPE AND PREPARED, 
OR FACTORY-MADE, LEAD JOINTS! 


By Harry Y. Carson? 


Humble as were the installations of cast iron pipe two or three 
hundred years ago, today the arteries supporting the very life of 
every large modern city of the world consist of cast iron. Their 
important service to the community and the large investment in 
them warrant a careful study of any improvements that are offered. 

Piping must be of sufficient strength to resist the practical condi- 
tions of handling, transporting, laying in trenches, and such external 
and internal pressures and shocks as may from time to time arise. 
The ability of the individual lengths of pipe to withstand the stresses 
before they are actually put into permanent service depends entirely 
upon the inherent strength of the metal itself; but, as a finished 
line, the combined effect of the stresses due to pressure, shock, 
water-hammer, contraction, expansion and deflection will mostly 
depend upon the resiliency of the joints between the individual 
pipes. Joints in service must be flexible, yet remain tight. 

Factory-made prepared joints.2 When one considers the rapid 
strides made in factory processes for eliminating the high cost of 
doing work, the novelty of a factory-made lead joint for cast iron 
pipe does not appear irrational. Take, for example, the large 
amounts of labor that are now saved on shoes, on clothes, on build- 
ing, and, indeed, on almost everything we use, by making up the 
parts at the factory instead of in the home or field, and the simple 
assembling of these parts into the finished article. 

With lead joints a far greater uniformity is obtained by making 
them at the foundry and shipping them as an integral part of the 
pipe to the job. The American Cast Iron Pipe Company ships 


1 Discussions of this paper are desired and should be sent to the Editor. 

2 Research Engineer, American Cast Iron Pipe Company, Birmingham, 
Ala. 

’ The author desires to give all credit to J. R. MeWane, president of the 
American Cast Iron Pipe Company, for the development of successful fac- 
tory-made joints, 
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these joints with pipe and the results are most satisfactory. A brief 
description of this prepared joint may not be out of place here, and 
the illustrations will serve to explain how it is made and installed. 

The finished pipe come down the pipe runs seen in the background 
of figure 1. Six pipe at a time are rolled onto the tilting platform 
here shown and thus are swung into a vertical position with the bell 
end up. When these pipe stand on end the bells are about 2} feet 
above the overhead platform. Here stand two expert joint makers 
with the necessary equipment, whose first move is to insert a short 
mandrel into each of the six vertical bells. 


Fic. 1. PLatrorm, Partty UpENpED, Usrep PIPE IN 
VERTICAL PosITION WHILE MAKING JOINTS 


The bell on which this joint is furnished is the ordinary socket 
as to depth, diameter and other essential dimensions. The slight 
difference is that the bottom or shoulder of the bell is beveled off on 
a 30-degree angle as shown in figure 2, instead of being square. The 
lead groove, also, has been greatly improved by making it with a 
sharper shoulder so that the calking is much more positive. A band 
of iron wedges held together by a strip of lead is first inserted around 
the mandrel. Two layers of square hemp, especially braided for 
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this purpose, are next inserted and calked on top of the wedges. 
Then hot lead is poured into the joint and the mandrel extracted, 
leaving all the joint materials in place. 

A concrete plug, shown in figure 3, is inserted to protect the 
joint materials in shipment, and the pipe and joint are ready for 
the trench. This concrete plug is so designed that it may easily be 
broken out or jerked out of the bell by means of any convenient 
bent rod or the bent end of a pinch bar or crow bar on the job. One 
‘an thus actually look into the bell and see the condition of the joint 
materials before they are calked. This, of course, cannot be done 
with the ordinary;joint, and is very important. It permits one to 
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Bar used for 
lextractin 


\ Manare! used in making 
the joints. 
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Lead calked up 
He mp. 


Wedges 


Beveled shoulder of bell_| 


Fig. 2 


Fig. 2. Cross-SecTIon oF PARTLY COMPLETED JOINT 


Fic. 3. Metuop oF REMOVING CONCRETE PLUG BY STRIKING ITS LowER END 
witH BEenT Bar 


know absolutely that proper materials in proper amounts are in 
their proper place in the joint. Uniformity of construction is 
assured. 

Knowing the joint is right so far, the trench crew now inserts the 
spigot of the next pipe, which is so marked as to show when it is 
fully seated in the bell. The spigot is inserted easily because the 
mandrel over which the joint was made at the foundry is slightly 
larger in diameter than the spigot end of the pipe. All pipe with 
this joint are made without a bead on the spigot end. After insert- 
ing the joint “home” in the bell, the calker now simply takes his 
usual tools and calks the joints in the same way as he would the 
ordinary joint. With this joint, however, the lead is driven farther 
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back and the force of the hammer blows penetrate to the hemp, 
which is thoroughly calked as well as the lead. Thus a better and 
tighter calking is possible. As shown in figure 5, the joints even on 
bends of short radii, are installed with ease and may be calked as 
tight as on straight runs. 

The advantage of this prepared or factory-made joint, merely 
begins with its construction. The joint is designed to fulfil certain 
definite purposes after it is made. The inside shoulder of the bell, 


Fig. 4. ASSEMBLING PREPARED JOINT IN TRENCH 


which has been referred to, figure 2, engages the iron wedges so that 
with the slightest deflection of a joint, these wedges are forced along 
the inclined shoulder and at the same time backward against the 
hemp and lead. Thus further compression, exerted internally, 
automatically tightens the joint as deflection takes place. 

The development of better joints for the conservation of expensive 
labor and materials and for the cutting down of losses through leak- 
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age is of great importance to pipe users. Equally important is the 
saving of high priced iron which may be conserved by improved 
methods of casting the pipe. 

Light vs. heavy pipe. In America the development of the cast 
iron pipe industry has been basicly different from its development 
in Europe. As competition became keener year by year, the prac- 
tice in all European countries has been to produce light walled pipe. 
Other factors have had their influence. For instance, the richer ore 
deposits became exhausted, fuel became scarcer, yet, on the other 
hand, to offset this, the better steam railway transportation has 


Fig. 5. Curve or 16-Foor Lenatus oF 6-INCH PIPE WITH PREPARED JOINTS; 
Joints TicgHt oN TEST 


tended to decrease the cost of the raw iron. Indeed, because of 
cheap methods of transportation, iron has in one century been 
reduced in cost to a very low figure. During a period of less than a 
century in America pig iron dropped in price from $80 per ton to 
$8 per ton. 

The first American attempts at making pipe in 1820 to 1830 
followed very closely the European practice as to wall thickness and 
design of hubs, spigots, ete. Moldenke in his book on Principles 
of Iron Founding states: 
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Mention has been made that the cupola was not introduced into Pennsyl- 
vania until 1820. It came to New York City just a little later, for the well- 
known J. L. Mott Iron Works began operation in 1828 at Mott Haven, on the 
Harlem River, and there being no blast furnace about, used the cupola for 
making castings, importing patterns and some pig iron from England. On 
tearing down part of the old Astor House in 1913 some of the pipe and fittings 
made by this company in 1834 were found embedded in the original stone 
walls . . . . and are inaperfect state of preservation in spite of the 
fact that the metal in some of the pipe was but } inch thick when made. 


These facts are given simply to point out that the American devel- 
opment of the cast iron pipe industry parted company with the 
Kuropean development some time between 1830 and 1870. 


Fig. 6. Cast Iron Pire Laip 1N PHILADELPHIA IN 1831 AND REMOVED IN 
1915, ArrER CoNTINUOUS SERVICE OF 84 YEARS UNDER PRESSURE 
oF 50 to 100 Pounps. THIcKNESS OF METAL, } TO 3 INCH 


Prior to the American Water Works Association specification of 
1908, much of the pipe, especially in smaller sizes, was made of 
considerably lighter wall section. For instance, 4-inch pipe for 86 
pounds pressure of the New England Water Works Association 
specification has a thickness of 0.38 inch as compared with 0.45 inch 
in the American Water Works Association specification for the same 
working pressure.‘ This is a difference of 16 per cent. 

Many miles of the lighter piping have been in service for years. 
For instance, a pipe laid in Philadelphia in 1831 was taken out after 
a service of 84 years under pressures of 50 to 100 pounds. The 
metal thickness, } to 2 inch, is much lighter even than the New 
England Association specification and corresponds closely to the 
thickness of pipe in Europe. See figure 6. 


4 The 4-inch electric cast iron pipe for Class B service is 0.40 inch. 
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Because of high protective tariffs which kept out foreign trade, 
the great reduction in the cost of pig iron from $80 to $8 per ton, 
the competition in freight hauling railways which brought the 
transportation rates tumbling downward, and the lack of skilled 
foundry workmen which increased the percentage of defective cast- 
ings, the American practice of making pressure pipe has been to 
repeatedly increase the metal thickness, while in Europe pipe has 
been made thinner to meet competition. The American pipe for 
given services in some instances is almost 50 per cent greater in 
thickness and weight. Even when shipping this lighter weight pipe 
from distant England and Germany to ports close by American 
shores, the excessively heavy American pipe could not compete in 
price for the single reason that the ocean transportation charges of 
the heavier American pipe were far in excess of the transportation 
charges of the lighter European pipe. Instead, America has for at 
least fifty years past been burying treasure under city streets; liter- 
ally putting extra iron into the walls of cast iron piping throughout 
the country. America has had little chance to export pipe even 
when pig iron in Europe was of higher price. 

Effect of the world war. The recent great war in Europe has com- 
pletely changed America’s attitude toward world trade. There has 
been a greater awakening on our part than ever before in our his- 
tory. The prices of crude iron or pig iron have begun to soar, the 
temporary taking over of America’s rail routes by the Federal Gov- 
ernment has had the effect of increasing and standardizing the price 
of transportation, and the labor market has become so high in price 
that American manufacturers must necessarily feel inclined to use 
more and more labor-saving equipment in our mines and factories 
and in the work of erecting engineering structures in the field. With 
cast iron pipe 300 per cent higher in 1920 than in 1914, our municipal 
governments as well as private water and gas corporations, are 
hesitating to follow the past practice of burying under ground 
valuable treasure in the form of excessively heavy cast iron pipe. 
Entirely aside from the local effect in America, the situation as it 
respects export business is very similar. Lighter pipe must be made 
if American manufacturers are to create and hold any trade in com- 
petition with foreign producers. 

On the other hand, from an engineering standpoint, American 
made pipe has been a more reliable and dependable product than the 
European pipe. Greater factors of safety have been used in the 
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molding of pipe in America. The lower tensile strengths of cast 
iron have been assumed instead of the higher, and because the 
simplest and cheapest methods of remelting the iron in the cupola 
have been adopted, the tendency has been to put into the walls of 
the pipe plenty of safety factors to guarantee a reliable and safe 
product. The American idea has been to make the safety factors 
very essential and therefore make pipe with every assurance that it 
will not fail. Fire Underwriters insist upon underground piping 
that will not burst in time of stress. However, as will be pointed 
out, it is quite unnecessary at present to waste cast iron in pipe. 
Pipe may be made lighter but stronger. 

The electric furnace. Foreseeing and anticipating the keen devel- 
opment which must necessarily take place in the American cast 
iron pipe industry, the American Cast Iron Pipe Company has been 
at work for five years studying the best equipment and methods of 
meeting the newer trade situations. The result of these investiga- 
tions has been the addition of an electric furnace at its Birmingham 
plant. Electric furnaces are now in commercial operation in sizes 
to hold from } ton to 20 tons of metal per heat. At present there 
seems no necessity for the construction of larger ones. The electric 
furnace installed at the Birmingham Plant is capable of handling in 
conjunction with the cupolas a total of approximately 300 to 400 
tons of pipe castings per twenty-four hours. 

The important result of passing iron through an electric furnace 
is to improve its physical properties to the following values: Tensile 
strength, 30,000 to 40,000 pounds per square inch, transverse 
strength, 2600 to 3500 pounds load, using a 2 by 1 by 24-inch bar; 
deflection of bar, 0.38 to 0.50 inch. 

Furthermore, in Birmingham the actual work of melting the iron 
is reduced by taking advantage of the hot blast furnace metal from 
nearby smelting plants. This hot metal is mixed with the cupola 
metal in the electric furnace, thereby materially reducing the normal 
percentage of sulphur. Moreover, when the metal emerges from 
the heating and refining process of the electric furnace, its tempera- 
ture is greatly raised so that sound pipe castings with higher factors 
of safety are assured. Tests of electric iron have proved the iron 
to be more uniform, in structure and resultant strength; see table 1. 
Electric cast iron is of a dense, close-grained structure, but contains 
sufficient graphite to be easily machined. It has the same desirable 
rust-resisting property as any other close-grained, gray cast iron, apd 
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withal makes a superior pipe for underground work or for other 
uses to which cast iron pipe may be put. 

The factors of safety which have been used with eminent success 
in the American pipe specifications, which are based on the well 
known Fanning formula, are practicable with even greater reliance 
when applied to electric cast iron pipe. This is well illustrated by 
Table 1 above, which gives the actual bursting strength of pipe. 
The big advantage of using electric cast iron is the lighter wall 
thickness permissible. On account of this increased strength and 


TABLE 1 
Actual bursting strength of cast iron pipe of 16-foot length 


(Compiled from series of tests made at Birmingham) 


RATED TENSILE | srRENGTH 


SAMPLE NUMBER AND WEIGHT BURSTING| STRENGTH FACTOR OF 
WORKING AT POINT 
DESCRIPTION OF PIPE | PRESSURE or BREAK| ®4FETY 
lbs. per lbs. per lbs. per 
Ibs. 8g. in. 8q. tn. 8q. tn. Ibs. 


No. 72, 6in., Electric...| 450 86 1,360 | 33,700 | 12,300 | 15.8 
No. 73, 6in., Electric...| 464 86 970 | 33,700 | 7,450*) 11.3 
No. 74, 6in., Electric...) 464 86 1,705 | 33,700 | 12,500; 19.8 
No. 66, 10 in., Electric...| 916 130 1,310 | 35,400 | 16,100; 10.1 
No. 67, 10 in., Electric...| 900 130 1,360 | 35,400 | 16,800 | 10.5 
No. 68, 10 in., Electric...| 1085 173 1,860 | 35,400 | 22,200 | 10.7 
No. 69, 6in., Ordinary.| 540 130 1,460 | 25,000 | 11,200; 11.2 
No. 70, 6in., Ordinary.| 500 86 970 | 25,000 | 7,500*) 11.2 
No. 71, 6in., Ordinary.| 540 130 | 1,460 | 25,000 | 10,000} 11.2 
No. 63, 10 in., Ordinary.| 1024 86 485 | 22,000} 3,8007 5.5 
No. 64, 10 in., Ordinary.| 980 86 1,660 | 22,000 | 16,100 | 19.3 
No. 65, 10 in., Ordinary.| 954 86 1,260 | 22,000 | 14,500; 14.6 


* Minor flaws in iron. 
t Bad flaws in iron. 


the greater structural unitormity of electric cast iron pipe, the 
American Cast Iron Pipe Company has given it the pressure ratings 
shown in Table 2. 

It will be noted that there are four practical classes of pipe listed: 
Low Pressure, Standard, Heavy, and Extra Heavy. The Low 
Pressure is for class A or gas service, the Standard is for class B 
service, the Heavy is for class C service, and the Extra Heavy is 
for class D service. They are all made from class A patterns of 
the American Water Works Association specification, and are, there- 
fore, of uniform outside diameter in the various classes. 
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Before closing this discussion on improved pipe specifications, a 
few words regarding allowable percentage of variation in weights of 
pipe might be of value. The American Water Works Association 
specification, adopted in 1908, states: ‘“The total weight to be paid 
for shall not exceed for each size and class of pipe received, the sum 
of the standard weights of the same number of pieces of the given 

‘ size and class by more than 2 per cent.’’ No doubt, this clause has 

held certain advantages for the makers of pipe, but oftentimes 

the pipe user must, through this provision, pay 2 per cent. more 


TABLE 2 


Thickness and weights of electric cast iron pipe. In accordance with Fanning’s 
formula, for electric cast iron of 30,000 pounds per square inch tensile strength 


| 
| LOW PRESSURE PIPE | STANDARD PIPE | HEAVY PIPE | EXTRA-HEAVY PIPE 
FOR CLASS ‘‘a”” SERVICE FOR CLASS ‘*B’’ SERVICEFOR CLASS ‘‘C’’ SERVICE FOR CLASS ‘'D’’ SERVICE 
0 ro 100 FEET HEAD | 100 ro 200 FEET HEAD | 200 TO 300 FEET HEAD | 300 To 400 FEET HEAD 


Weight | Weight | Weight | Weight Weight | Weight | Weight | Weight 
of 12 feet\of 16 feet of 12 feet/of 16 feet of 12 feet/of 16 feet of 12 feet/of 16 feet 
per per | per per per per per per 


NOMINAL INSIDE DIAMETER 
Thickness 


Thickness 
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than what his original estimated cost per ton figure totaled. The 
pipe user is, therefore, at a disadvantage. 

It is believed to be for the best interest of the consumer when 
pipe is sold on a price per foot basis. This enables him to know 
exactly what his pipe line will cost him, whereas he might have to 
pay from 1 to 2 per cent excess charges on the price per ton basis. 

Summarizing the vital points in favor of electric cast iron pipe 
and prepared factory-made joints, we are led to conclude as follows: 

1. American manufacturers must produce stronger but lighter pipe 
if a balance of world trade is to be held on this side of the Atlantic 
Ocean. 
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2. By introducing an electric furnace into the pipe foundry, the 
American Cast Iron Pipe Company has been successful in produc- 
ing higher factors of safety for pipe without an increase in cost. 

3. The use of joints suitably prepared at the foundry instead of 
in the field leads to higher joint efficiency for underground pipe 
lines. 

4. The users of pipe will further benefit by paying for pipe on 
the per foot basis, to say nothing of saving in hauling, handling, 
and laying. _ 


| 


WATER WASTE CONTROL! 


D. W. Frencu:? The subject of water waste control seems to 
divide itself almost automatically into at least two separate parts, 
first, that having to do with wastage from service or house supply 
mains, including interior fixtures, and second, that concerned with 
the wastage from transmission and distribution mains. 

For the reason that the speaker’s personal experience has been in 
connection with an almost entirely metered system, leaking fixtures 
which are often neglected and the wastage that occurs if water 
is permitted to run to prevent freezing, result in added revenue in 
his case. If a water department can conveniently supply this 
additional demand which, in part, is only temporary, it may be 
regarded as legitimate consumption. Some wastage is constantly 
developing on services between the street main and meter, but on 
the Hackensack system, such wastage is located when examinations 
are being made of the transmission or distribution mains. 

For a number of years the Hackensack Company has been system- 
atically conducting water waste investigations, possibly to a some- 
what greater extent than some companies or water departments. 
For illustration, reference may be made to what is done in one dis- 
trict, which, insofar as examinations are concerned, is typical of all 
others. This is the Weehawken high-service district which begins 
at the north boundary line of Jersey City and extends north to a 
short distance north of the line dividing Hudson and Bergen Coun- 
ties, including seven municipalities. Located within this area are 
116 miles of pipe in sizes from 4 to 30 inches, and about 16,300 
house connections, serving a population of about 95,000, 100 per 
cent metered. The consumption in this particular district is about 
11,000,000 gallons per day, with a per capita consumption of about 
85 gallons. The company thinks 85 gallons is reasonably low in a 
district which includes a large number of manufacturing industries, 
one of which alone consumes 2,500,000 gallons per day. 


1Informal discussion by the New York Section on February 18, 1920. 
Further discussion is desired and should be sent to the Editor. 
2 Superintendent Hackensack Water Company, Weekawken, N. J. 
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About twenty years ago, when the Hackensack system was very 
much smaller than it now is, and when the daily output was about 
10,000,000 gallons, we were accounting for 55 to 58 per cent of all 
water pumped, but up to that time had never reached 60 per cent. 
For the last several years, the company has experienced an exceed- 
ingly rapid growth and demand for water service, so that its daily 
output at the present time is only slightly less than 40,000,000 
gallons. In spite of this growth, the percentage of water accounted 
for has been steadily improving, having been above 70 per cent for 
several years and for the year ending December 31, 1918, it reached 
74 per cent. 

The improvement in the percentage of water accounted for dates 
back several years and to a time when a small force of men under a 
foreman was organized and instructed in the use of the waterphone, 
to detect and locate underground leakage. The little organization 
consists of seven men, including the foreman, and each man is 
equipped with an aquaphone and a steel sounding rod. The bright- 
est grade of laborers are selected for the work and their wages do 
not exceed $4.50 per day. 

Water is supplied to the Weehawken high-service district by 
vertical triple-expansion crank and fly-wheel pumps, with single- 
acting outside-packed plungers, so that with a reasonable allowance 
for slippage and considering the gain or loss in the distributing 
reservoir, it is possible to obtain a good idea of the daily consump- 
tion in this district every morning by about ten o’clock. If there 
is no suspicion that the consumption is excessive and the pumps 
are running at a rate that just about maintains a certain level in the 
reservoir, it is assumed that there is nothing unusual taking place. 
But if, on the other hand, the reservoir gauge shows a loss of, say, 
500,000 gallons in 24 hours, and it continues for two or three days 
without correcting itself, then these waste-detecting men go through 
this district making soundings on every fire hydrant on every street 
and avenue through the entire district. If the hydrant spacing is 
too great, then intermediate soundings are made from curb cocks 
located on service mains. 

Practically all district investigations require some night work, 
for in thickly built up business sections there is often so much noise 
from trucking that it is difficult to get satisfactory soundings except 
at night. 


: 
i 
; 


490 DISCUSSION 
When soundings are taken from curb cocks, it frequently becomes 
necessary to turn off the cock for a fraction of a moment, in order 
that the inspector may not be deceived by sound caused by the use 
of water through the service to which the cock is attached. 

In making this inspection the men usually begin at the south end 
of the district, working north. It takes a week, using the full 
organization, on the average, to cover the district, although it is 
always possible, and frequently happens, that the trouble sought is 
located within the first day or two. In any event, if the district is 
covered entirely, or only in part, it is practically certain that the 
inspectors will pick up and locate everything in the way of leakage 
that amounts to much of anything. A man experienced in the 
use of a waterphone will detect sounds between 200 and 300 feet 
away in any direction and do it every time. Such being the case, 
the speaker feels justified in saying that there remains no good rea- 
son why underground leakage cannot be detected, located and 
stopped if continually followed up. 

It has been observed frequently that a bad leak is readily traced 
by sounding along on the pavement directly over the pipe line, 
although the sound does not carry so far nor is it quite so distinct 
as a metal-to-metal sounding. 

It is interesting to note the various kinds of sounds that accom- 
pany the various classes of leaks, or leaks that are on parts of the 
system where the pressure is greater than in some others. 

A bad leak or broken pipe on a low-pressure main where water is 
escaping in a considerable quantity, possibly into a sewer or catch- 
basin under a low pressure and moderate velocity, but making no 
surface display, is hard to pick up, as it produces very little sound, 
at best alow rumble. Such leaks have often been located by lifting 
sewer manhole covers and noting if a larger volume of water is 
flowing in the sewer at any particular point than at several other 
points some distance away. 

A broken main of, say, 6 or 8 inches, produces such a vibrating or 
rattling sound that the inspector is never deceived and, as a matter 
of fact, it can usually be detected at the surface and frequently with- 
out the use of the waterphone. Small leaks from service mains, if 
under a pressure of from 50 to 100 pounds, are usually accompanied 
by a sharp singing sound, and while they are of less importance so 
far as volume of escaping water is concerned, they are easy for the 
experienced man to pick up. 
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The reports by the inspectors making these examinations seldom 
read, ‘‘we think there is a leak at such a place” or ‘‘ we think there is 
a broken pipe on a certain street,” giving name and number, but 
they read, ‘‘there is a leak on a certain street,” giving location, or 
“there is a broken main opposite a certain number,” giving name of 
the street. The experience and training of these men has enabled 
them to reach accurate and definite conclusions, and when the pipe 
is exposed, their reports are found almost invariably correct. 

The Weehawken high-service district represents about 19 per 
cent of the company’s entire pipe system, and about 25 per cent of 
the total population supplied. 

After the work in one district is completed, the men move on to 
another district and continue this practice until all the districts 
have been covered. Then the circuit is repeated. The men en- 
gaged on this work do practically nothing else; their whole time 
being spent making investigations for underground leakage, and 
there is no investment ever made by the company which yields a 
more satisfactory return. 

The largest item of capital investment in most water works plants 
is necessarily in its transmission mains and distribution system, all 
of which are completely out of sight. There is no part of a water 
works plant which, once installed, receives so little attention as does 
its pipe system. After keeping in almost daily touch with this 
work on the Hackensack system for many years, the speaker is 
convinced that it is both possible and practicable for any water 
department or water company to examine and look after its pipe 
system carefully at regular intervals by a small trained andinex- 
pensive organization such as has been described. 

It is a waste of time, effort and money to send a few men over a 
pipe system who are not familiar with this class of work, and, having 
completed the survey, to consider the work finished. It is true that 
the experience thus acquired is an advantage both to the inspector 
and the department, but if the same men went over the same part 
of the pipe system a second time, they would pick up many leaks 
which, because of their earlier inexperience, were passed by on the 
first trip around. 

In a large pipe system, leaks are so constantly taking place that 
it is impossible to take the position that we have no underground 
leakage. There is no way that will enable us to make any careful 
determination of what is taking place, except frequent examinations 
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and constantly and faithfully keeping after the waste. The price 
we pay for reasonably good efficiency in our pipe system, or the 
price we pay for a high percentage of water accounted for, is meas- 
ured by our everlasting vigilance. 


A. W. CupprBack.’—The price we must pay for elimination of 
waste is eternal vigilance. This applies particularly to the water 
system where the number of meters is small, but it also applies in a on 
lesser degree to the community that is largely metered. 
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Fic. 1. Consumption, INcoOME AND METERAGE RECORDS OF THE Passaic 
WatTeR ComMPANYy 


In illustrating what can be done in the way of controlling waste, 
the speaker has exhibited, on several occasions, curves pertaining to 
The Passaic Water Co. of Paterson, New Jersey, which are repro- 
duced in figure 1, and has added a new curve to this collection, 
showing the rate at which metering has been carried on. Thenew 
curve shows the percentage of taps metered each year. 

In the early years, when the reduction in consumption was great- 
est, from 1897 to 1903, the metering was most effective because all 
of the large manufacturing uses of water were metered within this 


3’ Engineer and Superintendent, The Passaic Water Company, Paterson, 
N. 
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period. Prior to 1897, there was no limitation whatever upon the 
quantity that manufacturers might use or waste, as the amount 
they paid was not affected in any way by the amount of water they 
used. Metering did not accomplish all of the results shown on the 
diagram, for in addition to the metering a large amount of inspec- 
tion work was carried on through these years and those following. 

After 1903-1904, the metering was very uniform until 1918 and, 
with the inspection carried on in a lesser degree through that period, 
was effective in holding the consumption in million gallons per day, 
as against the increase in population. 

Following the cold winter of 1917-1918, during which the con- 
sumption of water in northern New Jersey got beyond the capaci- 
ties of the works available for supplying the communities, and 
created a very serious situation, The Passaic Water Company recog- 


iat 


Fic. 2. AveRAGE Datty ConsumpTION FoR Month, 1913-1919, at 
Paterson, N. J. 


nized that it had not been doing all it might have done to meet such 
a situation, in that it had not completely metered its supply, and 
decided to correct this omission. During 1918, about 4000 meters 
were set in the Paterson-Passaic district. This is shown as a per- 
centage on the accompanying diagram. During 1919, the former 
percentage of increase in metering was continued. While these 
meters were set where it was believed they would do most good in 
checking the waste of water in cold weather, it does not necessarily 
follow that the results shown are entirely due to the additional 
meters put in service. 

Figure 2, giving the consumption by months for a period of seven 
years, shows the particular effect of the extremely mild winter of 
1918. There is another element still affecting the extremely low 
point reached during this period and, in fact, the low curve of almost 
the entire year, and that is the lessening consumption for‘industrial 
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purposes due to industrial unrest and strikes. So there are three 
elements entering into the comparatively low consumption shown 
over the period covered by the last half of 1918 and the first half of 
1919; additional metering, mild winter, and reduction in use of 
water for commercial purposes. 

The present winter, 1919-1920, while not approaching the low 
temperature of 1917-1918, has probably been somewhat colder 
than the average winter, industrial conditions in this district have 
improved, and the consumption has reached normal conditions. 
The peak for the month of January is lower than the peak for any 
winter since 1915, and this can be fairly credited to the meters set 
during 1918. 

Metering is the surest and most effective way of controlling water 
waste and conserving the supply, and it is becoming increasingly 
more important year by year to conserve our water supply. The 
time is approaching when near-by supplies will be exhausted unless 
particular attention is paid to the elimination of all possible waste 
in the use of water. Instead of water being free as air, the cost of it 
as delivered to the consumer is becoming greater and greater, and 
in order to avoid a very greatly increased cost due to going far 
afield for our supply, we should pay more attention to the conser- 
vation of what we have in order that it may serve the communities 
for longer periods. 

Not being 100 per cent metered The Passaic Water Company is 
unable to make such a comparison as Mr. French has made, between 
the water served through the domestic meters and the total quan- 
tity, except in one municipality, Montclair. The company has not 
as yet made as good a record in that one small community as Mr. 
French has in his whole system. About twelve years ago the ac- 
counted-for water there was only 45 per cent, with 100 per cent of 
the services metered. This was largely due to neglect of the meters 
for several years, and neglect in following up any systematic inspec- 
tion of mains or services. Following the checking up of this matter, 
the accounted-for water has been increased to about 68 per cent. 
That included two main features of the saving; one was bringing up 
the meters to a higher state of efficiency, evidenced by an increase 
in per capita revenue of about 50 cents, during a period of four years, 
and the other method was somewhat similar to that Mr. French 
described, using water phones pretty consistently. It has been 
possible to discover and correct many leaks in that way. 
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The per capita consumption in Paterson for 1919 was about 61 
gallons, not including about 6,000,000 gallons of unfiltered water 
furnished for industrial purposes. This is a manufacturing town 
where there is a considerable quantity of water used for manu- 
facturing purposes, so the company feels that it has fairly met the 
situation in that particular community. It is quite important, and 
probably Mr. French, being 100 per cent metered, will agree, to 
pay very close attention to all of the service meters, particularly 
those larger than 1 inch in size. Every meter that The Passaic 
Water Company has in service 2 inches and above in size is tested 
twice a year, and every house meter is removed for test at least 
once in four or five years. The company is taking out for inspec- 
tion and test nearly 10 per cent of all of its meters each year. This 
has not only the effect of checking waste through water passing the 
meters unrecorded, but it also has another very good effect, keeping 
up the revenue for metered water. 


W. W. Brusu:* New York City’s water waste control record 
shows very irregular application of the various methods of reducing 
waste. Probably all are fairly familiar with the objection that has 
always been made by the New York City real estate owners when- 
ever any question of general metering has been brought before the 
Board of Aldermen, which, under the Charter, has control of the 
determination as to whether meters shall or shall not be placed on 
other than those premises where water is used for business purposes. 
It is now about three years since the last effort was made to extend 
the installation of meters by the department recommending that 
meters be required on the high-class apartment houses, where 
passenger elevators were in use, which represent some 2500 build- 
ings. Public hearings on this subject were held at various places 
throughout the different boroughs by the Board of Aldermen, and 
those water works men who had an opportunity to attend such 
meetings felt that it was quite incumbent upon them to keep very 
much in the background, because the feeling expressed by those 
taxpayers who attended the meeting was extremely warm. Had 
they been given the sentence which in the opinion of the taxpayers 
they deserved, they would be now doing time in prison. The 
aldermen finally decided that water should be as free as air, and 


4 Deputy Chief Engineer, Bureau of Water Supply, Department of Water 
Supply, Gas and Electricity, New York. 
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that the meters should not be placed on even this limited class of 
apartment houses. Water is not as free as air, and not quite as 
plentiful as hot air in New York City, and it has been in the past 
necessary from time to time to conserve the supply. 

At present the consumption at times has reached 750,000,000 
gallons daily. During January it averaged 718,000,000 gallons 
daily, as compared with 650,000,000 gallons daily for January, 1918, 
which stands forth in the memory of all as being the coldest period 
ever experienced. This present high consumption is due to the 
continued cold weather during this winter, although there have not 
been the extremely low temperatures recorded that were experienced 
for a few days in 1917-1918. The present consumption is the max- 
imum that New York has ever experienced. 

There is hardly time to go over the history of the water waste 
control in New York, since an effort was first made about fifteen 
years ago to reduce the waste. In using the term “first made about 
fifteen years ago,” the speaker is disregarding the efforts that were 
made very successfully some thirty years ago, when the Croton sys- 
tem was inadequate to meet the demands, before the new Croton 
Aqueduct was put into commission. Broadly speaking, the efforts 
to control waste may be grouped under four headings: 

1. The reduction in pressure through the night hours or through- 
out the 24 hours, by manipulating the gates that control the flow 
into the various sections of the distribution system. 

2. An appeal to the public by notices in the public press and by 
circulars to reduce the consumption of water on account of lack or 
threatened lack of supply. 

3. House to house inspection to locate and stop leaks from fixtures. 

4, Survey of the underground distribution system to determine 
leaks outside of buildings. 

The reduction in pressure during the night hours has been carried 
on for many years in New York, and first started in 1905 in Brook- 
lyn when the consumption was about 120,000,000 gallons daily, and 
there was a reduction of 5,000,000 gallons daily effected by dropping 
the night pressures some 10 pounds. This was done without any 
trouble from the viewpoint of the consumer. 

The pressure is controlled in lower Manhattan since Catskill 
pressure has been used below 14th Street. The amount saved has 
been variable in quantity because a number of open connections 
have been found between the intermediate service below 14th 
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Street and the low Croton service, and at one time upwards of 
20,000,000 gallons daily were being discharged unnecessarily at 
night in this district. 

The public appeal has comparatively little effect, unless it can be 
pointed out that there is a likelihood of shortage of water unless 
waste is curtailed. It was possible to make a reduction of some 
20,000,000 gallons daily in 1911 through public appeal, when there 
was a threatened shortage of the supply from the Croton system in 
the boroughs of Manhattan and the Bronx, and there was a some- 
what similar experience in Brooklyn in the past, but an appeal to 
New Yorkers to save water on account of expense does not get very 
much return in reduction in consumption. 

The question of reducing the loss outside of buildings, through a 
survey of the distribution system, is one which will be discussed by 
other New York engineers who have given that part of the work 
their special attention for a number of years past. 

House to house inspection has always given excellent results 
financially in any of the boroughs where it has been undertaken. 
In Brooklyn, in 1912-1913, when it was carried on for almost a year, 
about $40,000 was spent for the inspection and reduced the main- 
tenance charges between $300,000 and $400,000 a year. The reason 
for such excellent financial returns was that the city was then pur- 
chasing water from a private water company, and by cutting off 
that supply some $200,000 a year were thereby saved. The city 
was also able to shut down six expensive small pumping stations. 
At that time it was estimated that the effect of a house to house 
inspection would entirely disappear in about two years from the 
time it was made, the amount of leakage stopped reducing gradually 
as the time lengthened, and that conclusion has been upheld by 
subsequent experience. 

House to house inspection in Manhattan was carried on in 1911 
and, as a result of the press appeals, of the house to house inspection 
and of a survey for underground leakage, there was a reduction of 
between 60,000,000 and 70,000,000 gallons daily. The consump- 
tion for Manhattan and the Bronx before the campaign was started 
was 330,000,000 gallons daily. In Brooklyn, from 1914 until the 
Catskill supply was introduced early in 1917, there were usually 
about twenty inspectors engaged on water waste work, but it is 
difficult to determine how much the daily consumption was reduced 
thereby. The rapid increase in consumption in 1918 led to the 
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inspection of all unmetered buildings in Manhattan between July 1 
and October 31, 1918. About 150,000 leaks were found, and it is 
estimated that the consumption was then reduced by 26,000,000 
gallons daily as a result of this inspection. The inspection cost 
practically nothing, because the department was then under war 
conditions and compelled to use its regularly employed force of 
inspectors, and there was almost no additional expense. It was 
necessary to postpone some of the meter reading work and read the 
meters less frequently, and there was a slight expense due to delay 
in billing for metered water. The same force was utilized in Brook- 
lyn at the beginning of 1919 and covered about two-thirds of Brook- 
lyn, discovering some 70,000 leaks. Here a reduction of about 
16,000,000 to 18,000,000 gallons daily was shown by this house to 
house inspection. Assuming the regular rate of pay for inspectors 
the resultant cost was about $4.50 per million gallons saved in Man- 
hattan and a little over $6.00 in Brooklyn. This cost is based on 
the theory that the amount saved will gradually reduce and run out 
at the end of two years, a very fair basis of estimate. The following 
per capita consumption figures are given for each five years since 
1895: 


MANHATTAN AND BRONX BROOKLYN 


gallons per day gallons per day 
1895 100 75 
1900 130 88 
1905 134 (maximum) 91 
1907 101 (maximum) 
1910 120 97 
1915 109 76 
1918 123 90 


1919 121 87 


The reduction shown in 1919 is due in part to the very mild win- 
ter, but is more especially due to the water waste prevention work 
that was undertaken in Manhattan in the latter part of 1918, and 
in Brooklyn in the early part of 1919. 

New York’s consumption under the conditions which exist here 
can be almost anything within a reasonable range that the authori- 
ties decide to have it. If the authorities will authorize water waste 
prevention work, New York City’s per capita consumption can 
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certainly be reduced to 100 gallons. If on the other hand it is 
decided not to have water waste control, the upper limit is hard to 
fix, but may be 50 per cent above this figure. New York will have 
to consider in the very near future whether it does or does not wish 
to reduce waste, and in that way postpone the undertaking of an 
additional supply. We have not yet received the supply from the 
development of the Schoharie watershed in the Catskills, which, 
when completed, will represent the final development of the present 
Catskill scheme for additional supply, and will add some 250,000,000 
gallons daily to the present safe supply, but unless present esti- 
mates are incorrect, it will only be about 1935 before New York 
City will need more than the safe supply that will be available from 
the entire system of water supply now constructed. It took twelve 
years from the time that the present Board of Water Supply was 
authorized before the Catskill water was made available, and it 
was fifteen years from the time that the investigation was made 
for an additional water supply by the Burr, Hering, Freeman Com- 
mission, before the additional supply was introduced to the city, so, 
therefore, in considering additional supply for New York one must 
allow at least twelve to fifteen years for investigation and construc- 
tion. It is evident that we are approaching the time when some 
consideration must be given to the question of an additional in- 
crement of water for New York City that will be commensurate 
with its demands. 


GrorcE C. ANpREws:? Buffalo has long been noted as the horrible 
example as a waster of water. Two years ago the per capita con- 
sumption was 340 gallons per day, but after two years intensive 
work on a water waste survey this has been cut down to 260 gallons 
per capita per day. The water bureau is proud of that, but still 
thinks there is room for improvement. 

The question of water waste seems to be most naturally a local 
question and dependent upon public opinion. If there is a large 
supply available, little attention is paid to the waste of water and 
the per capita consumption is high. On the other hand, should 
the supply be small and increasing it an expensive proposition all 
legitimate means of reducing waste are apt to be employed. Buffalo 
is fortunate in having an unlimited supply on account of its location 


5 Water Commissioner, Buffalo, N. Y. See, also, his paper in JoURNAL, 
September, 1919. 
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at the head of Lake Erie and the cost of furnishing it is only that of 
pumping. 

Four years ago the city had just completed a new pumping station 
with a capacity of 150,000,000 gallons per day, augmenting the old 
pumping station which has a capacity of 180,000,000 gallons per 
day, giving a total pumping capacity of 330,000,000 gallons per day. 
This large pumping capacity is urged strongly by various interests 
against any effort to control waste, and it was only on account of 
the increasing charges for fuel that the reduction of water waste 
received serious consideration. When waste reduction was taken 
up with the City Council some of its members were strongly in favor 
of universal metering. Now, as a practical water works man, the 
speaker believes that the best way to eliminate all waste is metering, 
provided meter rates are properly made. However, due to the war 
and consequent scarcity of materials and labor, universal metering 
was impracticable and would not, under the most favorable condi- 
tions, have given so quickly the results which were obtained by a 
pitometer survey. 

Public opinion was so strongly against metering and the necessity 
for a quick reduction in pumpage so desirable that a pitometer sur- 
vey of the entire city was made, with the result that inside of two 
years the maximum pumpage under similar conditions was reduced 
from 250,000,000 gallons to 200,000,000 gallons per day. The daily 
per capita consumption in 1919 was 260 gallons, against 339 gallons 
in 1917. Since July, 1919, there has been a further reduction by 
months, except during the extremely cold months of December, 
January and February of this year, as compared with a year ago. 
While the consumption in these months was considerably greater, it 
is still far below what it was two years ago. The lowest daily pump- 
age in the past fifteen years was 109,670,000 gallons, which occurred 
on November 23, 1919. 

When the 260 gallons per capita consumption in Buffalo is com- 
pared with the lower per capita consumption of other cities, it should 
be considered also that this figure includes the entire industrial and 
commercial use of water, for the city has practically no industries 
that have their own private water supply. Buffalo is only 7.0 per 
cent metered, yet the metered consumers used 37.0 per cent of the 
water pumped last year, which gives a per capita consumption for 
industrial and commercial use close to 100 gallons per day. The 
balance of 169 gallons covers the legitimate household use; water 
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used for street flushing; fire services; public fountains; drinking 
fountains; the amount lost by unavoidable pipe leakage and waste 
in homes. This amount is still excessive, but there are certain local 
conditions which account for a large per capita consumption. The 
speaker knows of no other city in the United States which has such 
wide and deep lots as has Buffalo. Practically fifty per cent of the 
consumers have sprinkling charges and a large amount of water 
is used in the summer months for sprinkling the lawns and gardens 
and the wetting down of the street in front of the homes. Buffalo 
has long been noted for the fine condition of its lawns and it is the 
Bureau’s policy not to stint the use of water for this purpose. 

There is also another peculiar reason for the high water use. At 
least twenty thousand houses in Buffalo are cottages and have no 
cellars. In most cases these have the old style anti-freezing closet 
placed in a separate building, or in a room which cannot be heated. 
This type of closet when in repair is supposed to be anti-freezing, 
but they get out of repair easily and then have a continual flow of 
water. Moreover, the people are apt to let them run continually 
in the winter time rather than take the chance of their freezing. 
Furthermore, up to a year ago, the Bureau of Water had no control 
over the installation of plumbing, this being handled by the Health 
Department, whose sole aim it was to see that houses were equipped 
with an adequate supply of water and proper drainage facilities. 
As a result, in many of the better class homes water pipes are placed 
in outside walls, so that in severe weather it is necessary to allow 
water to run to prevent freezing. By a recently enacted ordinance 
all plumbing must be approved, as to location, by the Bureau of 
Water. This will result in much better work in the future. 

During the waste control work it was found that through neglect 
people left these old style closets running the year around, paying 
no attention at all to repairing them. Public opinion was such 
that it was almost impossible to enforce the ordinance of metering 
places where there was a wilful waste of water. To correct this 
condition, the charge on such toilets was increased to $10.00 a year, 
with the proviso that upon presentation of a suitable affidavit, 
followed by inspection, that the closet was in good shape, the charge 
would be reduced to $2.50 a year. As a result, it was found that out 
of 10,000 such closets about 6000 affidavits were presented and 
practically 90 per cent of ‘these had been repaired and were found in 
good shape. An important result of this was a big reduction in 
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pumpage during the spring, summer and fall months. The Bu- 
reau does not assume the people will prevent the flushing of these 
continually in the winter time, but under the present system the 
closets are certain to be in repair at least twice a year. In case no 
affidavit has been presented, the Bureau assumes that the owners 
are wilful wasters of water and such places, under our ordinance, 
must be metered and the installation of meters is now being made. 

The result of all this work to educate the people as to the extent 
and cost of waste and to the necessity of its control has been such 
that the Bureau now has public support back of its efforts, as the 
following illustration will show. Four years ago, when the propo- 
sition of universal metering was considered, it met with outside 
opposition and was turned down. On the other hand, three weeks 
ago, a resolution was presented to the Council authorizing the 
installation of 10,000 meters in homes, and it was passed without a 
dissenting vote and without criticism from the newspapers. These 
meters will be installed on the most wasteful services and a further 
reduction in waste of possibly seventy-five per cent should result. 
This is evident from the fact that a meter was installed on a wasteful 
consumer two years ago and the consumption for the first three 
months was at the average of $250 per year. A result of these large 
bills was that the owner soon put his plumbing in good shape, al- 
though no change in style of fixtures was made, and water is now 
being used on these premises at the rate of $40 per year. This 
service supplies one large house and two small cottages, having besides 
the sink fixtures three anti-freezing closets. 

The question of the character of the per capita consumption is 
one that should receive consideration and the figures should be 
analyzed with reference to local conditions. A small city with a 
per capita consumption of 85 to 100 gallons may be fully as wasteful 
as Buffalo with its 260 gallons per capita consumption, as far as 
economical features are concerned, inasmuch as any increase in the 
per capita consumption may cost a large investment in new plant. 
Buffalo, however, is now equipped with intake, pumping capacity 
and distributing mains sufficient for 330,000,000 gallons per day. 
Its big saving is made when it gets the daily consumption within the 
capacity of one station and a further lowering in consumption saves 
only in the cost of pumping. The investment charges are the same 
whether 1,000,000 or 200,000,000 gallons are pumped. 


WATER WASTE CONTROL 503 


Following the completion of the water waste survey by the Pitom- 
eter Company, the Bureau organized its own pitometer depart- 
ment, employing three engineers, five laborers and twenty inspectors. 
From original records, the Bureau knows the districts in which the 
waste is greatest and those where underground leaks are likely to be 
encountered. The engineers are constantly employed sub-dividing 
and measuring the consumption by blocks, and the inspectors are 
constantly checking up the house fixtures and services in the dis- 
tricts where the consumption is greatest. The system is to measure 
the block and then inspect for house waste, a record of the inspection 
on each house being kept. These records show the number of fau- 
cets leaking, toilets leaking, services leaking, and the number of people 
living in the house. Where fixtures or services are found leaking, 
a repair notice is served and a further inspection made two weeks 
later. If the repairs are not then made, water is shut off. After 
the block is put in good condition, another measurement is made by 
the pitometer, and if the consumption has not been reduced investi- 
gation is made for underground leaks in the mains. However, as 
the inspectors use the aquaphone on every service box, main leaks 
are usually discovered by them by the sound. 


Frep B. Netson:* In New York City, about one-quarter of the 
390,000 services are metered, speaking in round figures; also about 
one-quarter of the total supply passes through meters. Thus 
about three-quarters of the 600-odd million gallons per day delivered 
to the city is unguarded as to waste, except for the special and 
limited efforts which the Department of Water Supply is able to 
make towards even a partial control. Also the situation leaves 
largely to conjecture the proportion of these unguarded millions 
that is wilfully wasted, or that is continuously running from defec- 
tive or neglected plumbing, or from underground leaks in the maze 
of some three thousand miles of mains and connecting service pipes. 

The question of universal or more complete metering of the city 
to control all over-ground waste has been frequently agitated and 
as frequently rejected as a proposition too distasteful to be approved 
by a public accustomed to water ‘“‘as free as air’ or purchased on a 
basis almost as business-like as that used by the old Romans, who 
charged for the water in proportion to the size of the service pipe. 


6 Engineer-in-Charge Water Measurement and Water Waste, Department 
of Water Supply, Gas and Electricity, New York, N. Y. 
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The possibilities for the development of underground leakage 
depend largely on sub-surface conditions. In the Boroughs of 
Brooklyn, Queens and Richmond, as a rule, the existence of under- 
ground leakage is revealed by visible surface indications. In Man- 
hattan and The Bronx the reverse is true, and, excluding sudden or 
serious breaks, the chances of a leak showing at the surface are 
very remote. This is due to the almost universal rock and the very 
uneven original surface, necessitating extensive grading as the city 
developed, whereby large areas now consist of loose rock fill, while 
others that are cut to grade include sewer pipe and conduit trenches 
and subways back-filled with loose rock. This condition provides 
numerous and ample channels to conduct leakage to the sewer or to 
unexpected locations, often very distant from the source of the 
trouble. It is therefore principally in these two boroughs that the 
special underground waste detection work has been carried on. The 
force and the methods adopted have been developed in an endeavor 
to meet these conditions most effectively. 

The difficulty of locating leaks in these boroughs is often mate- 
rially increased, particularly in lower Manhattan, by the congestion 
of sub-surface structures, including gas mains, steam mains, high 
and low tension electrical conduits, as well as the frequent duplica- 
tion in the same street of trunk and distribution water mains and the 
high-pressure fire system, all more or less rearranged by the con- 
struction of subway or other structures, which also tends to subject 
mains and services to unequal settlement. 

Since 1911 a special force under engineering supervision has been 
assigned principally to the work of underground waste detection 
in these boroughs. To date, this force has located and repaired 
underground leakage totaling over 75,000,000 gallons per day, an 
amount equal to a supply for a city of 750,000. Probably 50,000,000 
gallons of this, or the bulk of that located previous to 1918, repre- 
sented leakage that was causing no apparent damage or complaint, 
and which could have continued indefinitely or until revealed by 
the caving in of undermined paving, settling and breaking of adja- 
cent mains, or other damage. That long continuance of such 
leakage without damage or public inconvenience is possible is 
evidenced in a number of cases. ; 

Several leaks of approximately 500,000 gallons a day have been 
found flowing to the sewer through a clear channel directly under 
rock-filled macadam streets, with no visible surface indications. 
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Numerous other cases have been found in which the evidence is 
quite conclusive that the leak had existed for years. 

In one instance a supply of good clear water, utilized for about 
ten to twelve years for condensing in a hotel plant at 59th Street 
and Fifth Avenue, was cut off by the location and repair of two or 
three joint leaks in a 48-inch main in the avenue. These leaks were 
pot serious for a main of that size, but the work was carried to a 
conclusion when it was discovered that the hotel meter bill increased 
by about $5 per day whenever that main was shut down. 

A “fresh water spring” in a swamp near City Island Road, patron- 
ized several years for its superior quality of water, was discontinued 
by the location and repair of a leak of 1,400,000 gallons per day in 
an old broken 8-inch main paralleling a newer 20-inch. 

In view of such and much other evidence, and as a basis of esti- 
mating the cost of waste detection work, it was thought conserva- 
tive to assume that on an average the leaks found would otherwise 
have continued for two years, so that for each million gallons per 
day of underground waste stopped, 730,000,000 gallons would be 
assumed as saved. On this basis the cost of the work in 1911 and 
1912 per million gallons saved was $6.32. This was reduced each 
succeeding year, by improvement in methods to more effectively 
meet the conditions, to $1.15 in 1917. 

Since 1917 it has been found profitable and advisable to utilize 
this special force in relieving the repair shops of cases of leak location 
in which extensive street openings, traffic interference or damages 
could be avoided by the application of engineering methods, and the 
force has been increasingly utilized in this way until their waste 
detection work has come to be almost exclusively on complaint and 
emergency matters, and the systematic search for leaks has had to 
be abandoned. 

This procedure eliminated the previous policy of systematic 
search in sections where the greatest saving of water could be secured 
at the least expenditure of time, and called quite frequently 
for an expense in time and labor out of all proportion to the 
value of the water saved. This, together with the increase in 
salaries and wages, has advanced the cost of the work per million 
gallons saved from the $1.15 in 1917 to $3.19 in 1919. It will be 
noted that all these costs are well within estimates of the present 
value of New York City water. 
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The emergency work is, of course, of prime importance and must 

not be neglected, though it is to be regretted that the systematic 
work effecting the greater saving of water had to be discontinued at 
a time when the general increase of pressures with the introduction 
of the Catskill supply has so materially increased consumption and, 
no doubt, the leakage. This increase of consumption and leakage 
is evidenced by the fact that the Catskill supply was seriously 
overdrawn before large and needy areas of Manhattan could be 
reached with the proposed extensions of services. However, with 
the congestion of sub-service pipe lines, electrical and steam con- 
duits, subways and other structures serving to convey or deflect the 
flow from underground leaks, the emergency work, particularly in 
lower Manhattan, is not lacking in interest and variety, and the 
results have furnished the satisfaction that goes with the frequently 
expressed appreciation of the public and a growing demand for the 
service. 

At the present time the list of matters for attention is far ahead 
of the ability of the present force to handle it, and, during 1919, 
this situation being realized, special funds were provided for increas- 
ing the waste detection force and equipment to meet the situation 
more adequately. This additional force and equipment could not 
be secured in time to be utilized effectively during that year, but it 
is hoped that it will be possible to get abreast of the emergency work 
during the present year and possibly resume some of the more 
aggressive systematic search for leakage. 

The force for the past three or four years has consisted of an assist- 
ant engineer in charge and two field parties, each under the imme- 
diate direction of an assistant engineer, and each including one 
rodman, one calker, three laborers, an auto engineman, and the 
necessary equipment, including motor truck and Ford cars for the 
engineer. The increase of force provided for is such as to provide 
two additional field parties to be under the direction of the same two 
field engineers. 

It has been stated that the portion of the unmetered supply 
wasted is largely a conjecture. Past records, however, of systematic 
underground waste detection work, which has included consumption 
gaugings, furnish some evidence. On two or three occasions such 
work in specific uptown areas having a consumption of from 8,000,000 
to 15,000,000 gallons daily has resulted in the location and repair 
of underground leakage totaling 15 to 20 per cent of the supply, 
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and of course it must be borne in mind that this by no means 
represented a clean sweep. 

In such work numerous small leaks are overlooked and the time 
necessary for locating very small leaks is not intentionally carried 
to an uneconomical extent. From such experience it would natu- 
rally be concluded that a waste of at least 15 to 20 per cent is pos- 
sible from underground leakage. Also, in these areas, largely 
residential, consumption gauging will show a minimum night rate 
equal to 50 per cent of the maximum rate for the day. In lower 
Manhattan in 1902 the minimum night consumption in the strictly 
business area south of Fulton Street was 54 per cent of that existing 
during business hours and 74 per cent of the average rate for the 
24 hours. On account of the complexity and age of the system in 
this section, systematic work is much less economical than in the 
uptown areas and little has therefore been done. In the necessary 
rectifying of complaints, however, frequently one to one-half dozen 
leaks are located and repaired, which are causing no inconvenience 
or damage aside from a continuous waste of water, before the one 
responsible for the trouble is stopped. 

The leaks located and repaired in general average 50,000 to 75,000 
gallons per day, but in case of complaint it frequently becomes 
necessary to spend a large amount of time on leaks of but a few 
gallons a day, when all ordinary methods fail, and in rare cases the 
primitive method of digging is the only recourse. 

Another class of leaks which are extremely difficult to locate are 
abandoned service pipes, which frequently are closed by bending 
over and hammering the end of the pipe within the property lines 
to avoid the expense of street excavation necessary to shut them off 
properly at the main. Here again all ordinary methods of waste 
detection fail, due to the fact that on account of the usual length of 
service pipe little or no sound is produced which can be detected 
by aquaphones. In one instance in last year’s work the practical 
stripping of a 6-inch main became necessary and twenty-five street 
openings were made, the work terminating in the location of an 
abandoned service pipe discharging about 50,000 gallons per day. 
This flow was making its way underground in a northwesterly 
direction beneath cellars and areaways and appearing at the point 
of complaint in the next block. In this case the size of the leak was 
sufficient to have been easily located by the ordinary methods if it 
had occurred nearer the street main, but on account of the length 
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of service pipe with, undoubtedly, practically full opening at the 
end no noise was traceable by ordinary soundings. 

In other cases of abandoned service pipes it frequently becomes 
necessary to make deep soundings without regard to the location 
of the main until the location of the highest elevation of the water 
in the ground is determined. An excavation at this point usually 
uncovers the leaking portion of the service pipe, after which its 
connection to the main is located by means of a wireless pipe locator. 

The record of the work done in 1919 may be of interest as illus- 
trating the frequency of the different classes of leaks. The leaks 
stopped totaled 9,348,000 gallons per day. The average size of the 
leaks located was 54,000 gallons per day. The different classes 
were as follows: 


NUMBER PER CENT 


17 10 
5 
1 


Openings per leak (excluding the above mentioned one requiring 

(Including the one with 25 openings) ..................00eeeeeeeee 1. 


As regards the comparative utility of the aquaphone and the 
pitometer on underground waste work, Mr. French has explained 
how under the conditions obtaining in his system the aquaphone is 
used almost exclusively in locating the underground leaks, the rea- 
son there being, as he explained, that he has convenient and accu- 
rate methods for continuous gauging of the consumption in the 
various districts, which are probably sufficiently small to imme- 
diately reveal any leakage of consequence that may develop. In 
New York City a different set of conditions exists, accounting for 
the extensive use of the aquaphone and the slight use of the 
pitometer. 

The pitometer is primarily a convenient and accurate measuring 
device, and is so used on waste work for the detection of leakage 
only within shut-off limits, except in cases where the leakage is a 
sufficient proportion of the capacity of the main to enable simul- 
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taneous gaugings. The aquaphone, on the other hand, is, of course, 
worthless for the determination of quantities, but is primarily 
utilized for the final location of individual leaks. 

In New York City, as already explained, the waste detection 
work has developed into that of emergency, to the exclusion of 
practically all systematic work. In other words, each emergency 
call satisfies the detection part of the problem, the location of the 
leak only remaining, when, of course, the aquaphone is the prin- 
cipal device to be used. Were it possible for the present force to 
undertake the survey of districts and systematic work, the pitometer 
would be by all means more extensively used, as by such means 
the Bureau of Water Supply would have a much better line 
on the results of its work. In New York City there are 
few if any means of continuous recording of the consumption in 
very small areas, and in systematic work the pitometer would be 
used for regular gaugings of district consumption. 

On this work, as at present conducted with the use of the aqua- 
phone, undoubtedly leaks of a certain character are missed which 
the pitometer methods would detect. One class is that of aban- 
doned service pipes, which are extremely numerous in the congested 
and older portions of the city. These seldom, if ever, give any 
sound indications, and it is practically only those which have 
caused complaint that have been located. 

The aquaphone, also, is of course out of the question in detecting 
excessive plumbing and fixture leakage within the premises, illicit 
use of water, and losses of other description which involve no sound 
indications, and are factors to be considered in other cities where 
the work involves more thorough and detailed investigations, and 
where accurate means of watching the consumption by small areas 
are lacking. 

New York City has an equipment of pitometers and these are 
used for gauging the flow in trunk mains, temporary gauging of 
consumption in isolated districts, testing of pumping engines, etc. 


H. T. Havitu:’ With the water works, as in every other business, 
in New York City, time is a controlling factor in many of the things 
to be done and therefore the methods adopted for locating leaks are 
those which will give the greatest return in information, for the 


7 Assistant Engineer, Bureau of Water Supply, Department of Water Supply, 
Gas and Electricity, New York, N. Y. 
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amount of time expended. For this reason the old method of dis- 
tricting the distribution system and measuring the flow into each 
district, shut off during the early morning hours, has been sup- 
planted by establishing a system of control gradients and aquaphone 
testing to accomplish the same end. 

The leaks most difficult to locate are those from abandoned 
service pipes which have been bent over and hammered up, and at 
some later date open up and start to flow. For instance, while 
aquaphoning in the vicinity of 65th Street and Fifth Avenue, a leak 
noise was heard on the line gate in 65th Street, and, on further 
investigation by means of driving a bar through the street pave- 
ment, over the water main, until the bar and pipe were in contact, 
then listening with an aquaphone on the bar for the vibration pro- 
duced by the leak, until the leak noise becomes most distinct and 
there making an excavation, an abandoned tap was located which, 
when shut off, stopped the flow of water to a large residence. This 
leak had been running since the house was built some ten years and 
was supposed to have been a spring. The flow of water into the 
premises was about 100,000 gallons per day. To take care of this 
flow of water, the entire cellar was first water-proofed at a cost of 
$12,000. This failing to keep the water out, a sump was built and 
an electrically operated centrifugal pump and also a water siphon 
were installed. After stopping the leak, the’ monthly meter bills for 
water were reduced from $41.10 to $8.10, showing that the siphon 
consumed $33 worth of water per month, or $396 per year. This 
together with the electrical bill to run the turbine, the secretary to 
the owner stated, amounted to $500 per annum. Something of 
the magnitude of this leak can be appreciated from the fact that its 
existence for ten years cost the owner of this residence more than 
$17,000 and wasted 365,000,000 gallons of water. 

Another very typical condition of waste, caused by an abandoned 
service, was exemplified in a leak the speaker was called upon to 
locate some time ago at the Russell Sage Foundation Building on 
the corner of 22nd Street and Lexington Avenue. The basement 
of the building was water-proofed to take care of the ground water, 
but when an old, abandoned service opened up and started to flow, 
causing a pressure under the basement floor, the tar which had been 
used in water-proofing, began to work up through the concrete and 
formed globules on the floor, which grew in size until the water 
within them burst the globule. 
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The abandoned service which caused this trouble was located by 
driving a bar through the pavement and into the ground until the 
point of the bar penetrated the sub-surface water level. Then, 
marking the bar at the street surface and withdrawing it, then 
measuring from the mark to the point where the water wet the bar, 
a point was determined on the gradient of the sub-surface water 
which, when followed up, led to the source of the flow, as the gradient 
will rise to a maximum at the source. This leak, so it is said, cost 
the owner of the building upwards of $3000 before the Bureau of 
Water Supply was called in to find the trouble. 

In order not to give the mistaken idea that making the soundings 
before mentioned is a simple matter of driving a bar into the ground, 
it should be said that the maze of sub-surface structures, pipes, 
cables, ducts, etc., which permeate the sub-surface of the streets in 
New York City is so apt to be damaged by driving a bar through 
the pavement at random that the method of sounding requires 
some one to be in charge who is not only familiar with all of the 
underground conditions throughout the city but who has had suffi- 
cient experience in this particular line of work to interpret properly 
the condition indicated. 

As a sample of what might happen if this work is carried on 
carelessly, a case may be cited. A plumber a short while ago, while 
digging in the street along the line of the Lenox Avenue Subway, 
in Harlem, accidentally struck a power cable with a pick and the 
man was not only nearly electrocuted but it cost the Interborough 
Railroad in the neighborhood of $75,000 to make the repairs. 

Another case which shows what a danger the waste from aban- 
doned services may become will become evident from experience 
with a 3-inch tap found leaking in Columbus Avenue at 76th Street. 
There was no street indication of a dangerous sub-surface condition 
and the leak was located by the aquaphoning and sounding method 
before mentioned. When the first sounding was made and the bar 
had penetrated the concrete foundation of the street, the next blow 
with a hammer drove the bar through the pavement and out of 
sight. An excavation was made and it was found that the water 
had washed out sufficient earth to leave a hole large enough to put a 
good-sized truck in and had undermined a 30-inch gas main, which, 
together with the foundation of the street surface, was the only 
support given to street traffic over this section. It is probable that 
if this condition had continued to exist very long, heavy trucks 
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would have fallen into the hole and the 30-inch gas main would have 
been broken, which might have caused an explosion entailing 
considerable damage. 


Wiiuram A. McCarrrey:® The question of water waste control, 
of vital importance to every water works man, is especially so where 
the water has to be pumped through an unmetered system. The 
superintendent or manager of such an unmetered plant is con- 
fronted by the proposition of furnishing water in unlimited quanti- 
ties to wasteful services, irrespective of pumping facilities, which in 
the winter months particularly seriously affects the fire pressure, 
due to running faucets and toilets to prevent freezing. We all 
agree that the only way of preventing this waste is by universal 
metering, but, as Mr. Andrews stated, this is almost impossible in 
many cities, owing to different circumstances, and it is then the 
duty of the management to do the next best thing. 

The speaker is not feeling so badly now as he did before this 
meeting as regards the leakage and waste in Oswego, since hearing 
from New York and Buffalo. At Oswego house to house inspections 
reveal may leaky fixtures, which, if not repaired in 10 days, are 
charged double rates; on failure to pay, the water is shut off. The 
department has been cutting down the drinking fountains, shutting 
off the schools over Saturday and Sunday, the schools being very 
wasteful, and doing everything possible to reduce the consumption. 

With all the cutting down, the pumpage did not decrease to any 
appreciable degree. The city had been visited from time to time 
by E. D. Case and, finally, on one of these visits it was suggested 
that he make a survey of a section of the city to ascertain if there 
was any underground leakage. The offer was accepted and about 
November 1 the pitometer investigation was started. The operator 
first took 4 measurement of the pump for slippage and then took 
a 48-hour measurement of the section to be surveyed. Then he 
sub-divided the section into districts, and in one of the districts he 
located a leak of 120,000 gallons, blowing away under a State road 
into the river. In another district he located a leak of 138,000 
gallons in a fire line which ran into a manufacturing plant. This 
line was under a concrete floor. After the owners were notified they 
stated that five years previous they started to dig a pit in their plant 


8 Secretary and Superintendent, Water Department, Oswego, N. Y. 
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and the water came in on them so fast they closed it up, letting the 
water get away into the sewer. They thought that as the soil was 
springy, the water no doubt came from there. 

Another leak of 102,000 gallons was located in an 8-inch fire line 
- which ran into a plant and was cross-connected with an auxiliary 
industrial supply and ran across the street to another factory, the 
valve between the two lines not being tight. Another leak of 
70,000 gallons was discovered in a 6-inch fire line, the leak being 
under a water wheel, the water getting away in the river. In one 
month’s time there were located and stopped leaks totaling about 
one half a million gallons of water in one locality. For quick returns 
therefore, the pitometer is the instrument. 


F. T. Kemsie:’ There is one method of finding leaks which has 
not been touched on that is used at New Rochelle. There all 
services are metered. The day’s consumption is measured by 
Venturi meters and the pump counters, both of which are checked 
from time to time by a pitometer. Whenever the pressure gauge 
charts have shown a lowering of pressure and the consumption has 
run too high, it has been found advantageous to send a man out 
with a list of hydrants on which he is to take the pressures. Any 
man who can attach a gauge and open a hydrant will do for this 
work. When the list of pressures is turned in, it is compared with 
the hydrant cards. When a drop in pressure is found, a man is 
sent to that spot to phone the hydrants, curb cocks or services, 
and get the repair gang on the job. 

Great numbers of leaks are found where sewers have been laid. 
New lines or replacements not properly back-filled do not support 
the water main. Again, where drains have become broken or 
choked, the water in finding its way to the sewer often washes away 
the earth under the water pipe, causing it to settle. Most leaks are 
found where one end of the pipe rests on rock. Where the pressure 
is fairly maintained at one or two hydrants and much lower at an 
adjoining one, the break is close at hand, and if the inspector can 
find a rock outcrop along the road, he knows just where to phone. 
The break is generally there. 


® Secretary, New Rochelle Water Company, New Rochelle, N. Y. 
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Dr. F. E. Hate:!° When the notice of the meeting was sent out, 
it did not occur to the speaker that the Laboratory Division of New 
York City’s Water Department had any connection with the water 
waste prevention. While listening to the papers, it has been sug- 
gested that there is a close connection between the laboratory work 
and water waste detection, the latter being closely connected with 
water waste prevention. 

Some 300 or 400 samples of water a year are collected from cellars, 
conduits and excavations and sent to the laboratory for analysis. 
In many instances it is possible to tell whether or not the sample 
is from the city water, and in some instances to say whether it is 
Croton water or Catskill water. The waters are naturally divided 
into three main groups: city supply, sewage, and ground water or 
unclassified. ‘The most important determinations are the physical 
character of the water, particularly odor, the microscopical examina- 
tion, and the chemical analysis for free ammonia, albuminoid am- 
monia, nitrate, chlorine, hardness and alkalinity. Frequently it 
can be definitely said that the sample is sewage, and sometimes 
definitely that it is ground water. In many instances there are 
intermediate analyses which do not permit of a definite statement, 
since water in passing through the soil and concrete walls frequently 
becomes contaminated to such an extent that its character is utterly 
changed. 

In those instances where the information is definite, it is very 
definite. For example, if there are microscopic organisms present 
in the water, it must be either city supply or sewage, no matter what 
the other determinations show. If it is sewage, there is additional 
definite information furnished by high figures for free and albuminoid 
ammonia, chlorine, and frequently an alkalinity which is higher 
than the hardness; nitrate would be low or absent; the odor is dis- 
tinctive. Frequently samples upon shaking will produce foam due 
to the presence of soaps. True ground waters are usually high in 
nitrate, although the latter may sometimes be reduced to cause a 
high free ammonia. Such samples usually contain considerable 
chlorine and hardness and very little free and albuminoid ammonia. 


10 Chief Chemist, Bureau of Water Supply, Department of Water Supply, 
Gas and Electricity, New York, N. Y. 
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The following table shows conclusions reached from the analyses 
of 362 samples submitted during the year 1919: 


Cellar water samples, etc. 


| PERCENTAGE 

39 138] 11 38 
36 10 
Probably not city (unclassified)....................... 134 36 


* 3 Croton; 3 Catskill. 


It is evident from the above that the Laboratory Division is of 
considerable assistance in indicating whether it is necessary to dig 
for a leak. 


THE HIGH COST OF MONEY TO PUBLIC UTILITIES! 
By D. R. Gwinn? 


In these days of extremely high cost of living, when the cost of 
provisions, clothing, coal and other commodities has reached a high 
altitude, the cost of money has also materially increased. The 
average citizen, who has observed the great advance in prices of 
groceries, meat, clothing and shoes, has probably failed to note that 
the cost of water, gas, electricity and street car service has not 
advanced in the same proportion. And while some workmen have 
had a period of wild extravagance, indulging in fifteen dollar silk 
shirts, the average salaried man has been so busy trying to stretch 
his income to meet the rising cost of living, that it is not surprising 
that he has not had time to consider the difficulties under which 
the public utilities are struggling. 

The word “struggling” is used after due consideration. 

While the title of this paper indicates that it will deal with cost 
of money the author will take the liberty of stating that a com- 
pilation made by him shows that since 1914, the average increase in 
the cost of 29 items entering into the operation of a water works 
plant was 86.7 per cent. The average increase in the cost of labor 
at the Terre Haute plant since 1914 is 63 per cent. The increase in 
common labor has been approximately 100 per cent. 

As a matter of fact, cost of operation does enter indirectly into 
the cost of money, for when there is a big increase in cost of opera- 
tion without an increase in gross earnings there is a reduction in 
net earnings which may materially affect the attractiveness of bonds. 
And if bonds are not attractive to the buyer he will expect a larger 
discount, which means a higher cost to the utility for the money he 
rents. 


1 Read before the Illinois Section, March 24, 1920. Discussions of this 
paper are requested, and should be sent to the Editor. 
2 President and General Manager, The Terre Haute Water Works Company, 


Terre Haute, Ind. 
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Where the utility must filter and sterilize water, the cost of opera- 
tion is subject to an unusual increase. It is necessary to maintain 
the standard of purity regardless of cost or dividends. 

The company whose bonds matured since the United States 
entered the great war was extremely unfortunate. The necessity 
for money for war purposes was so great that the rate of interest on 
Liberty Bonds was raised again and again. When the investor 
can buy 43 per cent Liberty Bonds at less than par he has no inter- 
est in the average utility bond unless the security is ample and the 
return much higher than that from government bonds. 

The author is familiar with the re-financing of a water company 
whose 43 per cent 20-year bonds matured last June. There was 
approximately one million dollars outstanding. It was necessary 
to issue $1,035,000 6 per cent 5-year securities which were sold at 94 
or at a discount of 6 per cent. The company is required to pay into 
a sinking fund out of surplus earnings, $20,000 per annum for retir- 
ing the securities. The annual interest charge was increased 
$17,100; that is, from approximately $45,000 to $62,100. The 
discount, when amortized over the 5-year period, amounts to $12,420 
per annum, making an increase in the cost of money to the com- 
any of $29,520 per annum. 

However, there were other costs in connection with the issue of 
the securities, such as attorney fees for preparing the trust deed and 
other papers, traveling expenses, revenue stamps and printing; the 
fees to the State amounted to $2,087 for authority to issue securities. 
The company assumed the income tax up to 2 per cent on the bond 
interest. 

Outside of these extra costs, which were kept at the minimum, the 
cost of money to the company is 7.63 per cent. Including the 
additional expense, the cost is almost 8 per cent. 

In five years from the date of issue, the whole program must be 
repeated. It is to be hoped, however, that the cost of money at the 
time of maturity will be lower than at present. Fortunately for 
the company, the Public Service Commission authorized an increase 
of rates, which has been a great help, although the increase was not 
as much as was asked for or what the company thought it was 
entitled to. 

To show that the case referred to is not an unusual one, the author 
will state that public utility securities have been offered recently to 
yield the investor in the neighborhood of 8 per cent. This would 
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mean that the cost to the utility for money would be considerably 
more. 

When a utility must pay 8 per cent and, in some cases, 10 per cent 
for the use of money, how can it be expected to do business and 
furnish satisfactory service on a7 per cent rate of return. 

The securities of the Toledo Traction, Light and Power Company, 
were recently offered to yield the investor 8 per cent. It means 
that the cost to the utility would be even more than that high rate. 

The securities of the Cincinnati Gas and Electric Company have 
recently been offered to yield the investor over 8 per cent. 

The Brooklyn Edison Company also issued some securities that 
will be due in 1930, which were offered to yield the investor 7 per 
cent; the discount and expense must be taken into account to get 
the actual cost to the utility. 

The author has a list of about a dozen large utility concerns, the 
securities of which were offered to yield 7.55, 8, 7, 8, 7.8, 7.75, 7.75, 
7.75, 7.5, 7.18, 7.5, and 7.8 per cent. This will give an idea of the 
yield to the investor, but it should be borne in mind that the actual 
cost to the utility is greater than the figures mentioned. 

The additional cost depends on the money market, the life of the 
bonds or other securities, the standing of the utility, the record of 
earnings, etc. The banker who buys the securities must maintain a 
selling organization and there is the expense of investigation, exami- 
nation of properties, audit, legal opinions, and also overhead expense. 

A prominent financial writer, in a recent review and forecast, 
stated: 


Careful attention, however, should be given to fare and rate regulation and 
limitation, which has caused the downfall of some of the strongest companies 
in the country during the past few years of rising costs and restricted incomes. 
Many traction companies have been crucified on the altar of political stupidity. 


Some traction companies have been granted relief. It is shown 
in a statement recently published that fares have been increased in 
460 cities. The-10 cent fare now prevails in 59 cities. Unfortu- 
nately, 48 companies went into the hands of receivers in the year 
1919 and in the past three years, 98 companies were involved in 
bankruptcy. 

Property that is dedicated to the use of the public should be 
treated fairly and liberally, otherwise capital will seek other invest- 
ments. Unless the rate of return is such as to attract capital, the 
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property can not be improved and needed extensions made. The 
result is that the public suffers. The public is willing to pay 
reasonable rates for good service. An inadequate rate of return not 
only hurts the utility, but it hurts the public. 

The author was interested in a decision rendered April 18, 1916, 
by the Railway Commission of Wisconsin in the case of Peter B. 
Bogard vs. Wisconsin Telephone Company. Here are a few extracts 
from the decision which show the sensible way the Wisconsin Com- 
mission looks at these financial matters: 


The cost at which capital can be had depends upon the market rate for 
money in similar undertakings. . . . . During the past decade, the 
cost of capital and of the other elements mentioned for public utilities gen- 
erally, which are operating under conditions that may be regarded as normal, 
has ranged from about 7 per cent to more than 9 per cent on the fair value of 
the plants and their business. . . . . When the net earnings available 
for returns have amounted to at least twice as much as the interest charges on 
the bonds, the cost of obtaining the money has not often been less than about 
6.5 per cent. When that part of the capital, which is thus comparatively well 
secured, costs as much as this, it is rather obvious that the balance of the capi- 
tal over and above that part which is thus represented by the bonds, must 
cost a great deal more. In fact, experience shows that for the latter part, the 
cost is often from two to three times as great as for the former part. This is 
certainly true when the investment is based on commercial considerations 
alone. The cost of the capital needed is a part of the cost of the service that 
in the long run must be borne by the consumer if the service is to be furnished. 
This cost, like most other costs, is fixed in the open market by economic 
forces over which individuals and companies have little or no control. 

In many of its decisions, where the conditions were normal, the Commission 
has found the reasonable rate of return to which utilities should be entitled, 
to be from 7 to 8 per cent of the fair value of the property and business. We 
believe that in the present case . . . . the latter rate of return is fully 


justified. 


It should be noted that the decision, from which the extracts were 
taken, was rendered April 18, 1916, or nearly four years ago, when 
the demand for money can not be compared with the present great 
demand and high cost. 

Water companies and departments have been given some relief, 
but in a general way, it would seem that the relief has not been in 
proportion to the rate of increase in the cost of operation and in the 
cost of money. 

In justice to many Commissions, it may be stated that they are 
making a conscientious effort to give the necessary relief, and it is 
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to be hoped that the vision will be broad and clear; that the Public 
Service Commissioners will realize that if service is to be continued 
and of proper standard, liberal treatment in the way of return is 
absolutely necessary; that in order to borrow money to make 
extensions and improvements, it is necessary for the utilities to 
make a reasonable profit in addition to mere interest: that the 
public should be protected in the way of securing service as well as 
in the matter of rates; that the public will not be benefited by driv- 
ing private ownership from the utility field; that with money cost- 
ing 8 to 10 per cent, and a rate of return of only 7 per cent, the end 
will not be long postponed. 

In conclusion, extracts from several Public Service Commission 
decisions and also one report will be given. 

Judge Thomas M. Cooley, first Chairman of the Interstate Com- 
merce Commission, in the Report for 1888, page 22, gave expression 
to the following: 


The public can never be in the wrong in demanding good service when 
fair rates are considered; an enlightened public sentiment will never object 
to fair rates when it is understood that good service is conditional upon them. 


The following is an extract from a decision of the California Rail- 
road Commission in City and County of San Francisco v. Pacific 
Gas and Electric Company. Decision No. 4736, case No. 839, 
P. U. R. 1918-A, January 31, 1918: 


The Commission in fixing a rate of return must be liberal, lest too strict a 
portion result in turning capital to other fields of enterprise. In this case we 
shall recommend rates which to the best of our judgment will yield to the 
company a return of 8 per cent on the fair value of the property used and 
useful. 


Wisconsin Railroad Commission in Re: Milwaukee Electric 
Railway and Light Company; in P. U. R. 1918-A, February, 1918, 
798, appears the following: 


Increases in rates necessary to enable a public utility efficiently to perform 
its public obligations and to render adequate service cannot be avoided. The 
revenues of a pubic utility should not be allowed to decrease owing to abnor- 
mally high operating costs until a point isreached where a question of difficulty 
to meet fixed charges is seriously presented. 
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In the case of the New York Public Service Commission, 1st 
District, Re: New York and North Shore Traction Company, No. 
2217, decided January 10, 1918, P. U. R. 1918, February, 893, it was 
stated: 


The State, through the Commission, endeavors to see to it that upon the 
business done by the company, rates reasonable for the service and produc- 
tive of a reasonable revenue, are charged. Otherwise, the company must go 
out of business or rely on the charity of investors. It is obvious that any busi- 
ness, to continue, must have a revenue that will do more than meet the mere 
cost of currently runningthebusiness. . . . . There is no way of getting 
something for nothing over a long period of time. 


In a decision by the Oregon State Public Service Commission 
handed down January 5, 1918, pertaining to the Portland Railroad 
Light and Power Company, it was stated as follows: 


It is time for the public to realize that the powers conferred upon public 
service commissions, thoroughly tested and upheld by the courts, are ample 
for the protection of the public against all the evils from which they suffered 
in the past. . . . . It is time also to realize that good service can be 
obtained only by just and equitable treatment. . . . . No starved horse 
ever pulled a heavy load. . . . . Theutilities have been deprived of the 
power to make unjust profits. They must also be protected against unjust 
losses. . . . . If a utility is driven into a position where its credit is 
impaired and it can obtain money for operations and extensions only at un- 
reasonable cost, the public must share the loss. 


DISCUSSION 


L. R. Howson: The paper is timely in that it points out that only 
one of the items making up a fair gross income has received any 
increase. A fair gross income must be sufficient to pay operating 
charges and in addition a fair return to the investor. So far as the 
speaker knows, all of the rate increases that have been granted by 
regulatory bodies have taken only the former into consideration, 
that is they have raised the rates just sufficiently to cover the in- 
creased cost of operation, but have not taken any consideration of 
the increased cost of money, and the corresponding shrinkage in the 
net return. It was recognized prior to the war that in order to 
attract capital into utility investments, there had to be a margin 
from 2 to 3 per cent above the interest rates and that was why 7 or 
8 per cent was allowed by the Commissions in addition to operating 
and depreciation charges. That margin has been wiped out; there 
is no incentive for capital to go into utility investments as present. 
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C. R. Henperson: The speaker is much interested in that part 
of the paper wherein the author explained that there was something 
more in the cost of money than the interest charges. The cost of 
making the loan, including attorney’s fees, discounts and other 
expenses in connection with the reissuing of securities, when spread 
over a short time of years makes quite a difference, which was sur- 
prising. 

There is one point which might be added. Utilities are now pay- 
ing about 8 per cent for money, instead of about 4 or 43 per cent, 
as formerly. They are required by the terms of their contracts to 
make extensions and betterments. These improvements cost twice 
as much to make as formerly. For instance, a short time ago a 
6-inch main could be laid for about $1.00 per foot. The cost now 
would be about $2.00 per foot, therefore the cost of extensions has 
doubled and the cost of money with which to make the extensions 
has doubled, so that the cost to the utility is four times as much as 
formerly. This cannot go on very long without there being a large 
increase in rates for service. So far the rates of water works com- 
panies have not been increased very much. In some cases not at 
all, and in others 15 to 20 per cent only. 


AND PRESENT REPRODUCTION COSTS OF 
WATER WORKS! 


PREWAR 


By L. R. Howson? 


Anyone who has had occasion to purchase water works construc- 
tion materials at reasonably frequent intervals in the past five years 
has been impressed with the almost continuous upward trend .of 
prices for those materials, along with practically all other com- 
modities. We all know, in a general way, that cast iron pipe, which, 
prior to the war, varied in price from $25 to $35 per ton, is now cost- 
ing from $70 to $75 per ton; that brick, formerly $6.50 per thousand, 
now costs $14, and that labor, formerly plentiful and efficient at 
20 cents per hour, is now getting from 40 to 45 cents per hour, and 
is less efficient than formerly. Probably few of us, however, have 
had occasion to investigate the effect of these increased unit costs 
upon the total cost of constructing or of reproducing complete water 
works properties, and it is to throw some light on this question that 
this paper is prepared. 

Prior to the war, the most commonly used measure of value in 
appraising water works properties was the estimated cost to rebuild, 
or reproduction, using as a basis for the estimate of future prices 
the average of the prices which prevailed during, say, the five-year 
period prior to the date of valuation. Obviously, reproduction is a 
rebuilding process of the immediate future, and the prices used 
involve a forecast of future prices and construction conditions just 
as they do in all normal engineering construction. However, in 
normal times, prior to the war, materials fluctuated in a series of 
cycles, with a gradually rising trend, and a very good idea of the 
near future prices was therefore possible by a study of the prices of 
the five-year period preceding. 

Within the last five years, however, construction prices and con- 
ditions have changed, and the question now arises as to where the 


1 Read before the Illinois Section, March 25, 1920. Discussions of this 
paper are requested and should be sent to the Editor. 
? Assistant Engineer, Alvord & Burdick, Chicago, IIl. 
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reproduction costs of the future will probably lie. On several 
recent Boards of Arbitration, selected to fix the value of water 
works properties, two estimated costs of reproduction have been 
made; one on a prewar basis of unit prices, and the second on the 
basis of present day prices, and the value reasoned from these 
limiting estimates. 

There are few well-informed people who will contend that prewar 
prices will ever again prevail in our time, and, accordingly, a cost of 
reproduction, using prewar prices, represents in all probability a 
minimum measure of the value of the property. 


TABLE 1 
Average prices for water works materials 1910-1920 


YEARS 


MATERIAL 
1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 


Cast iron pipe 

6-inch F.O.B. Chi- 1 

$26.92] $24.11] $26.17] $26.83] $24.21] $24.54) $31.25} $54.90] $57.85) $57.97 
6-inch valves......... 12.50] 12.50] 12.50) 12.50} 12.50} 12.50} 16.50) 19.50] 21.00} 22.50 
2 nozzle hydrants.....| 25.00} 25.00} 25.00} 25.00} 25.00] 25.00] 34.50] 41.50} 49.50) 49.50 


f-inch Empire meters} 10.40} 10.40) 10.40} 10.40) 10.40} 13.25) 14.10) 14.10) 14.10) 14.10 

Cross compound 
pumps per million 
gallons capacity. . . .|3000 00/2700 .00|2500 . 00/2500 . 00/2500 . 00/2500 . 00/3300 .00/7500 .00|7500 00/7500 .00 

Lumber—dealer’s 


26.00} 26.00} 26.00} 26.00} 24.00) 28.00} 28.00] 40.00} 43.00} 58.00 
Cement (net).. ...... 1,25} 1.25 1.25 1.25 1.15 1,15 1.43 1.78} 200) 2.00 
Brick (Chicago)..... 6.50} 6.50} 6.50} 6.50} 6.50) 7.00} 7.00} 9.00} 12.00) 14.00 
13¢ 1i¢ 1i¢| 1.9¢ 1.9¢) 3.5¢) 6.4¢ 4h¢ 4¢ 
Common labor, Cen- 

tral Illinois......... 20¢ 20¢ 22¢ 22¢ 22¢ 22¢ 25¢ 28¢ 35¢ 40¢ 
yer 40¢ 40¢ 40¢ 40¢ 45¢ 50¢ 60¢ 70¢ 75¢ 80¢ 


Most appraisers are also of the opinion that the crest of prices 
has been nearly or quite reached, and that, beginning soon, there 
will be a slow and gradual recession in prices to some new level 
intermediate between the prewar and the present. Accordingly, a 
reproduction estimate made, using the present price basis, represents 
approximately the maximum value of the property to those who 
hold this opinion. 

In table 1 are shown the average prices of the more important 
water works construction materials which prevailed during each of 
the years from 1909 to the present. This table simply shows facts, 
with which most of us are more or less familiar. 
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Table 2 shows the results of cost-of-reproduction estimates made 
for six water works properties during the past year on both the pre- 
war and the present price bases, and illustrates the effect of the fluc- 
tuation in unit prices on the total cost of reproducing the property. 

In the ordinary water works property from 50 to 75 per cent of 
the total value lies in the distribution system, and, for this reason, 
the author has shown in the fourth column of table 2 the relative 
proportion of the distribution system cost to the entire plant cost, 
both based on prewar units. The distribution system materials 
have increased in relatively greater proportion than have other 


TABLE 2 
Comparative pre-war and present reproduction cost of waterworks 


Sacha COSTS OF REPRODUCTION 
EXCESS 
TONS OF | TION 8Y8- 

POPULA- |CAST IRON| TEM OF Pre-war Present —— 

PLANT | TION | PIPEPER| TOTAL ann 

SERVED | 1000 pop-| cost To Cost of Cost of pang 

ULATION a... oe pipe Total pipe Total WAR 

WAR per ton per ton 

per cent per cent 


92,000; 245 58} ($27 
8,500 217 79 


.10; $3,700,000 ($63.00) $6,400,000 | 73 
29. 280,000 | 57.05) 503,000 | 80 
10,000 | 286 61 28. 264,000 | 55.00) 444,000 | 68 
12,000; 294 77 28. 394,000 | 59.50) 689,000 | 75 
25,000 170 663 | 27. 632,000 | 68.00) 1,192,000 | 89 
25,000 179 46 27.50| 761,000 | 52.80) 1,242,000 | 63 


With pipe at present price ($66 Birmingham) percentages in last column 
would be raised to, 78 per cent for A; 91 per cent for B; 87 per cent for C; 86 
per cent for D; 91 per cent for E; 74 per cent for F. 


water works materials, and, accordingly, the greater the proportion 
which the distribution system is of the entire property the greater 
will be the cost of reproduction at present prices as compared to 
prewar prices. 

The data in this table show that: 

1. For a property in which approximately 50 per cent of the total 
value prior to the war was in the distribution system, the cost of 
reproduction at the present time would be approximately 75 per cent 
above prewar. 

2. For a property in which approximately 75 per cent of the value 
was in the distribution system prior to the war, the present cost of 
reproduction would be approximately double that of the prewar. 
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Subsequent to the making of these reproduction estimates, the 
costs of lumber, millwork and some other materials have risen, which 
would tend to increase these percentages slightly. 

Consideration of increased costs necessary in valuation. In using 
reproduction estimates to reason out the valuation of utility proper- 
ties, several fundamental requirements must be complied with. 
Among them are: 

1. The kind of service afforded by the utility must be needed by 
the public in the future. | 

2. The utility being valued must be capable of supplying the 
service desired, economically, for the present, and be capable of 
economical enlargement to supply for the future. 

3. The service must be supplied by the utility at a lower cost 
than that at which the individual could supply himself with equiva- 
lent service. 

4. The public need for the utility in the near future must be a 
stationary or increasing demand, and not a decreasing one. 

When these fundamental conditions are satisfied, a cost of repro- 
duction estimate, carefully made, using the reproduction conditions 
and prices which will probably prevail during the period of rebuild- 
ing and as well continued over a reasonable future period, for which 
the rates are to be in practicable effect, furnishes the best index or 
measure of the future value of the property, and it is to be noticed 
that it is the future value that we want to know. There is undoubt- 
edly much difference of opinion as to just where the prices of the 
next few years will fall; however, there cannot be much disagree 
ment with the statement that they will lie somewhere between the 
prewar normal and the present prices, and the consensus of opinion 
seems to be that they will lie closer to the present prices than the 
prewar prices for a considerable time to come. 


DISCUSSION 


Dow R. Gwinn: It is interesting, in connection with what the 
author has just told us, that the United States Supreme Court has 
recently rendered a decision in connection with the valuation of 
railroad property in which it was stated that the present cost of 
reproduction should be taken into consideration. The speaker 
hoped that the decision would be even more pronounced and that it 
would provide that the present cost of reproduction should prevail 
to a considerable extent. 
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It will be interesting to note just how much consideration the 
State Public Utilities Commissions will give to the view expressed 
by the United States Supreme Court. 

We are hoping strongly that the prevailing prices will be given 
proper consideration. The speaker heard some time ago of certain 
men who were thinking of putting in an electrical power plant, 
knew where they were going to get their money, and had all their 
plans made. One of the directors proposed that they see the State 
Public Utilities Commission and get its views on the subject. They 
asked the Commission point-blank if, when it came to fixing the rates, 
they would be allowed a rate of return on the present high cost of 
production. The answer was in the negative, and the men declined 
to go ahead with the proposition. 


SOME OBSERVATIONS CONCERNING THE PUBLIC 
SERVICE COMMISSION! 


By J. W. Lepovx? 


The institution of the public service principle and law was brought 
about with the object of securing a more equitable relation between 
the public and utility corporations. Probably those matters apper- 
taining to this subject which would most interest this Association 
may be embodied in a few of those popular missives which we all 
love to receive called “‘Interrogatories,’’ and which the Water Works 
Association usually called ‘‘A Question Box.” 

1. What is the present attitude of the Public Service Commis- 
sions toward utilities, particularly water-works? 

2. Are they inclined to look upon water-works corporations as 
many so-called agitators look upon Big Business and as most of us 
look upon profiteers? 

3. Have their past decisions added to the confidence with which 
financial underwriters and business men view this class of invest- 
ment? 

4, Are their recent decisions more, or are they less, favorable to 
water companies? 

5. How do they now view the estimated Cost of Reproduction, 
Historical Cost, Depreciation, Going Value, Cost of Development, 
Obsolescence, Property no longer used and useful, Over-Develop- 
ment, the Service Charge, and the Inch, Foot or Mile Basis of Public 
Fire Service Charge? 

6. In rate cases how do they determine the Rate Base? 

7. What rate percentage do they allow as a fair return? 

8. Do they include in the business any allowance or cost of put- 
ting the works in condition to give first-class service? 

Any one who can answer all these questions reliably must cer- 
tainly be gifted with super-intelligence, if not omniscience. 


1Read before the 4-States Section, April 16, 1920. Discussions of thi9 
paper are requested and should be sent to the Editor. 
2 Consulting Engineer, 112 North Broad Street, Philadelphia. 
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When the Commission was first formed the apparent underlying 
idea was to protect the public from exorbitant and discriminatory 
rates and unreasonable rules promulgated by the water companies; 
at least, that is the attitude that appeared to dominate the Commis- 
sion in its early history. Some of the more prominent of the mem- 
bers of the Commission were apparently men who had not obtained 
their experience by intimate and financial interest in the operation 
of utilities. It had long been realized by those familiar with their 
inside history, that water-works properties did not constitute gilt- 
edge investments, as was popularly believed by outsiders and the 
patrons of these water companies; and at first the managements of 
these water companies thought that the public service commission 
would stand between them and impending failure which menaced 
more than half the water-works in the state. 

Some of the early decisions were very disappointing. The Public 
Service Commission’s accountants were inclined to criticize the past 
financial history of the water company on all its items of cost that 
were not directly chargeable to labor and material. Past losses 
were looked upon as faults of the utility for having made an unfor- 
tunate investment, and failure to raise the rates to a point where 
these water companies were self-sustaining, which failure could not 
be subsequently made good. They had no sympathy with the idea 
that the early stages of a water company necessarily involve expend- 
itures for extensions and developments that directly benefit the 
community without constantly paying adequate returns for which 
they had a right to expect compensation in the future growth and 
prosperity of the community. 

Before the advent of regulation of rates by utilities by the Public 
Service Commission, the value of these utilities was dependent more 
upon the net revenue and the future prospects than on any other 
element. Hence it can be seen how serious was the blow to the 
owners of these utilities to find that their expectations could not 
now be realized. A larger number of items theretofore considered 
as legitimate elements of value were at once put in the class of “‘in- 
tangibles’’ and discredited in a wholesale manner. The effect was 
not only to greatly jeopardize the holdings of innocent investors but 
it became impossible to finance future improvements except by the 
greatest sacrifice on the part of the actual owners of the water com- 
panies to get what little they could out of a very much discredited 
investment. Necessary improvements were curtailed, and as a 
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consequence the normal and healthy development of the community 
in which these utilities were located. Many members of the Com- 
mission began to realize this condition, so that at the present time 
it appears that they are wise to the situation and are doing all they 
reasonably can to restore confidence. Their attitude is modified 
also by the fact that they had a number of years of very valuable 
experience in studying the fundamental history and principles of 
this subject and are profiting thereby. 

It may be stated that the recent hearings reflect the broadening 
attitude of the Commission and the desire to do justice regardless of 
popular clamor. 

When this subject of rate regulation began to receive wide-spread 
attention, and this was some time before the war, the basis of valua- 
tion most popularly accepted was that of the estimated cost of 
reproduction. Prices had not commenced to rise abnormally, and 
the public was fortified by the Knoxville decision of the United 
States Supreme Court wherein the Present Fair Value was to be the 
criterion as a Rate Base. Every one knows that Present Fair Value 
could not be measured by Historical Cost; neither could it be meas- 
ured by the market value, because the market value was not only 
indeterminate but was now to be radically changed by the decision 
of the Commission as to what were to be the rates, so therefore the 
only recourse was to obtain an estimated cost of reproduction, which 
would generally be considerably below the historical cost. As the 
estimated cost of reproduction was necessarily based on a new 
plant, in order to find the estimated cost of a plant like the one 
in existence a material deduction had to be made for depreciation. 

This idea seemed to meet the approval of all those who were inter- 
ested in preventing unduly high valuations. However, the Supreme 
Court had stated that in arriving at the Fair Value the elements of 
Cost of Reproduction, Historical Cost and Market Value of Stocks 
and Bonds were all to be considered; but the earlier decisions indi- 
cated that the cost of reproduction less depreciation was really the 
criterion. Many students ef this subject saw the fallacy of that 
view, and the author presented a paper before the Pennsylvania 
Water Works Association in October, 1914, advocating the adoption 
of the actual investment as the only fair basis of valuation for the 
rate regulation case. While this view was generally unacceptable 
at the time, it would have been received with much more favor if it 
were not for the ramifications of past organizations and reorganiza- 
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tions, mergers, stocks and bonds issued in some cases for physical 
property, in other cases for good will or influence, and in still other 
cases for caprice, and occasionally for no assignable reason what- 
soever, so that from the minutes or books of the company it some- 
times became a hopeless task to get within gunshot of what the 
actual investment really was. In all such cases, it was necessary 
to resort to estimated Cost of Reproduction, which, although ardu- 
ous, entailing vast labor and expense, only limited by the will of the 
appraiser and the consent of the company, produced definite results. 
Then it was seen that the cost of reproduction could be vastly di- 
fferent depending upon what period of time was taken for the con- 
struction. 

Prior to 1916, cast iron pipe, which constitutes such a material 
element in water-works building, varied from $15 to $40 per ton 
and other items also were subject to material fluctuation. 

Present fair values. The Supreme Court decision made Present 
Fair Value the criterion and if the Cost of Reproduction were to be 
used as a measure of Present Fair Value, it must necessarily be 
based on present cost; therefore the valuation of a water-works was 
dependent upon the prices existing at the time the appraisal was 
made. It was then realized that for a Rate Base the Historical 
Cost or Investment represented a fixed unalterable amount while 
the Cost of Reproduction fluctuated from month to month. Then 
came the world war, which provided a real object lesson on the 
possibilities of fluctuation. Money, the standard of value as meas- 
ured by property, dropped to a half or a third, and the principle of 
the Present Fair Value received a severe jolt as a measure of valua- 
tion for the Rate Base. 

At the present time there seems to be a strong tendency to give 
more and more weight to Investment and less to Estimated Cost of 
Reproduction, which is looked upon more as a check on the actual 
Historical Cost. 

When Historical Cost is considered, no deduction is made for 
accrued depreciation but the item of Development Cost, or Loss of 
Interest during Operation, as determined by the books, receives full 
consideration. The items designated under ‘“‘No Longer Used and 
Useful” appear to be given undue consideration, especially when 
the company is unable to realize on the sale of its properties, under 
which circumstances no deduction fairly should be made, and if 
the properties are sold only the net amount realized from the sale 
should be deducted. 
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In regard to Over-Development, the Commission is generally fair 
and does not penalize the water company unless it is a clear case of 
gross carelessness or error, so such deduction is rarely if ever applied. 

Cost of reproduction. In the Estimated Cost of Reproduction the 
recent practice has been to determine the cost new at prices prevail- 
ing prior to the war, or at the period between 1912 and 1916 inclu- 
sive. After obtaining these figures, a certain percentage is added 
for Overhead, amounting to somewhere around 20 per cent, to cover 
such items as Promotion, Organization, Administration, Legal 
Expense, Engineering, Contingencies and Interest during Con- 
struction, and the Depreciation applied to these items. To the final 
figures so obtained a sum is added for Going Value based upon esti- 
mates submitted by expert witnesses. The final result is usually 
designated as ‘Reproduction Cost less Accrued Depreciation plus 
Going Value,” and constitutes one element of the Rate Base. 

Historical cost. The Historical Cost as determined by an exami- 
nation of the books and records of the Company by the Bureau of 
Accounts and statistics of the Public Service Commission, including 
the item for Deficiency below a Fair Return, constitutes the second 
element of valuation for the Rate Base. This is the item known as 
Loss of Interest during Operation. There are two methods of 
calculating this item; one is to tabulate all the expenses for plant 
for each year; then take the interest on these amounts, say at 6 per- 
cent, add the operating expenses and from these sums deduct the 
gross revenue. The net difference is the Cost of Development to 
the end of that year, and this sum is added to the plant cost for the 
total investment. This development usually covers a period from 
10 to 20 years depending upon the circumstances of the Company’s 
organization. 

The second method of obtaining Development Cost or Loss of 
Interest during Operation is to consider the stocks, bonds and 
notes payable as a measure of the cost. 

The Development Cost as figured by these two methods should 
give results not very far apart, depending on whether the Com- 
pany’s stock, bond and note issues are truly representative of the 
cost. 

According to this method, if the Company has been earning from 
the beginning of the period adopted more than the Fair Return 
assumed, say 6 per cent, the Development Cost would reduce to a 
negative quantity, but these cases are rare. 
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Rate base. The Commission then has two main elements of 
valuation for consideration, from which it arrives at the Rate Base 
by a process that no one outside of the Commission has been able 
to formulate. It is suspected that it sub-divides these two main 
elements as follows: 

Reproduction Cost less Depreciation. 

Reproduction Cost less Depreciation plus Going Value. 
Historical Cost of Physical Plant. 

Historical Cost plus Development Cost. 

Historical Cost based on Securities Issued. 

Historical Cost + Development Cost based on Securities. 

Discount on bonds, or cost of financing. It would seem that the 
Commission looks with favor on making a sufficient allowance to 
cover the actual amount shown on the books for the item to be 
amortized during the remaining life of the outstanding bonds. The 
equivalent Present Worth is then added to the Rate Base. 

Future improvements. In regard to the expenditures required to 
put the works in condition to produce good service, the Commission 
has permitted a reasonable sum to be added to the Rate Base to 
cover a construction period several years ahead. 

Rate of return. The companies have usually asked for a rate of 
return from 7 to 10 per cent, but the tendency of the Commission 
seems to be to lean toward 7 per cent and in some cases 8 per cent 
has been allowed. Even these allowances have been too meager 
to enable the water company to market its securities through banks 
and trust companies, the principal reason being that the Rate Base 
determined by the Commission has been insufficient. 

Engineering conference. In many important cases the Commis- 
sion has advised the contending parties to appoint engineers to 
determine and agree upon all the enginering elements of these cases 
possible, for it is now realized that engineering questions constitute 
nearly if not all of the matter appertaining to these rate cases. 
One engineer is usually selected by each party, and the Commission 
assigns one of its own engineers to act and preside over the conference. 

Rate determination. In determining the rates the Commission 
leans strongly to an adequate proportion to be charged the munici- 
palities for fire service. It considers that the practice of water 
companies heretofore has been insufficient in this respect, and it is 
not much in favor of the “Price per Hydrant” method but generally 
prefers a price per mile of main supplying fire service and then 
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a nominal price per hydrant, or sufficient to cover only the cost and 
maintenance, from $7 to $10 per year per each hydrant. The gross 
annual cost for fire service usually ranges from 10 to 25 per cent of 
the gross revenue, and generally is determined by what is known 
as the “‘ Excess Method;” that is, the aditional cost for property and 
operating expenses due to furnishing fire service more than would 
be necessary to provide only domestic service. 

In some cases instead of charging per mile of main for all mains 
from 4 inches in diameter up, a price per foot or per mile per inch 
in diameter has been proposed. 

For domestic and manufacturing service the Commission leans 
strongly to meter rates and seems to be in favor of the principle 
recommended by the New England Water-Works Association, which 
provided for a service charge based on the size of the meter, for 
which the consumer obtains no water; then the price for water is in 
addition and is usually based on a block schedule: For the first 
quantity of water, which usually covers the maximum that any 
single domestic consumer would likely use, the highest price is 
charged; for the next amount of water, an intermediate price per 
unit, and all over that quantity, the lowest price per unit. 

The consumers who have been accustomed to the old form of 
Flat Rates and Minimum Meter Rates have usually objected to 
the service charge on the ground that they have paid for something 
which they did not get, and this phase of the matter has given the 
Commission a great deal of concern, and in some cases water com- 
panies have adopted a modification by permitting the consumer to 
obtain a certain quantity of water for the service charge for the 
smallest meter in general use. 

Conclusion. In conclusion it would seem to the author that while 
the Public Service Commission at the present time desires to be fair 
to water companies, the practice in past years has been to scale 
down the Rate Base to an unreasonably low figure, and while the 
allowance in percentage of return, from 7 to 8 per cent, cannot be 
considered as unreasonably low when viewed from the standpoint 
of prevailing returns on capital, the general effect has nevertheless 
been confiscatory, which is proved by the disrepute into which 
water works credits have fallen among those bankers and trust 
companies who have in years gone by looked upon them as sound 
and safe. 
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Water-works stocks or bonds should be at least as desirable as 
those of a manufacturing plant, but their discredit among those 
financial underwriters who establish the market is notorious, and 
when questioned the answer is invariably to the effect that no sane 
investor will go into a water-works deal unless the returns are unduly 
high and give assurance of permanence, which, under the drastic 
regulation by Public Service Commissions to which they are subject, 
is obviously out of the question. 

It therefore becomes impossible to raise capital to put in the 
necessary improvements to maintain satisfactory service unless the 
owners of the utility are liberal and fortunate enough to invest their 
own savings in the enterprise, which does not often happen, and 
hence the public suffers really more than the utility, and the healthy 
growth of the community is discouraged. 

When the average man on the street hears that the Public Service 
Commission allows a particular utility 7 or 8 per cent return, he 
jumps to the conclusion that the allowance is unduly liberal, remem- 
bering that first-class investments pay only 5 or 6 per cent, and 
there is some ground for his conclusion. But if the Commission 
could be always counted on to base its valuation on the legitimate 
investment without deduction for Depreciation, for Property Obso- 
lete, or Not Used and Useful and with a fair allowance for Develop- 
ment Cost, then a return of 6 per cent, or even less, for utilities 
would be eventually as attractive to investors as it is now in office 
buildings, ground rents and municipal securities. 

The logical and practical remedy for all these difficulties is Munic- 
ipal Ownership. The properties can be taken over by agreement or 
eminent domain. Securities can be underwritten at the same rates 
as municipal bonds, and the improvements can be installed when- 
ever desirable. Municipalities can then adopt such rates, rules, 
standards of service, water quality and policies regarding extensions 
as they deem expedient. 

In municipal ownership, it is obvious that the rates must be 
sufficient to pay for all plant account, depreciation, operating ex- 
penses, past losses, whether due to property no longer used and 
useful, loss of interest during operation, obsolescence or other costs 
due to errors of design or construction and even gross carelessness. 
The public must make good. Then why should the Commission 
not take about the same view of it when the works are operated by a 
water company? 
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THE ECONOMY RESULTING FROM THE USE OF VARI- 
ABLE SPEED INDUCTION MOTORS FOR DRIVING 
CENTRIFUGAL PUMPS! 


By MEtvIn L. ENGER AND WILLIAM J. PUTNAM? 


The centrifugal pump is inherently a variable speed machine. 
Figure 1 shows the relations between quantity, head and speed in 
the case of a typical centrifugal pump. An examination of the 
figure will show that when any two of the three variables are selected 
the third is determined. For example, if the speed and quantity 
are chosen the head is determined. With the usual arrangement of 
an induction motor direct-connected to a centrifugal pump the 
speed is fixed. The speed of an induction motor is not quite con- 
stant but decreases with increasing loads affecting the relation of 
the head and quantity delivered by the pump somewhat as indicated 
by the dotted line in figure 1. The variation in speed is so small, 
however, that the induction motor is usually considered to be a 
constant speed machine. 

There are four general conditions under which pumps operate: 
(1) constant discharge against a constant head, (2) constant dis- 
charge against a variable head, (3) variable discharge against a 
constant head, and, (4) variable discharge against a variable head. 
The first condition is the ideal one for centrifugal pumps driven by 
constant speed motors. Pumps delivering water to filter plants or 
to surface condensers often fall into the second class. The third 
condition is probably a rare one. In the fourth class would be 
included pumps used in waterworks plants for delivering water into 
distribution systems, because in this case variations of the water 
level in reservoirs and elevated tanks cause the head to vary while 
variations in demand cause the quantity delivered by the pump to 
vary. In the last three cases it is customary to select motor-driven 
centrifugal pumps operating at constant speed which will operate 


1Read before the Illinois Section, March 25, 1920. Discussion of this. 
paper is requested and should be sent to the Editor. 
2University of Illinois, Urbana, IIl. 
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satisfactorily under the most adverse conditions, and to control 
the head and discharge by valves at all other times. 

The variable speed induction motor has a wound rotor with its 
terminals connected to slip rings so that resistances may be intro- 
duced into the rotor circuit to change the speed. The action is 
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Fig. 1. RELATIONS oF SPEED, DiscHARGE AND HEAD WITH A TYPICAL 
CENTRIFUGAL PUMP 


somewhat analogous to slipping a clutch to secure lower speeds, and 
is of course wasteful. In the Standard Handbook for Electrical 
Engineers it is stated concerning the variable speed induction motor: 


For any one value of the resistance the speed changes greatly with varia- 
tions of load and rises practically to synchronous value at no-load, what- 
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ever the resistance. The higher the resistance, the more the speed will 
vary for a small change in load. An amount of power proportional to the 
speed reduction is lost in the resistance, that is, if the speed is decreased 
to 30 per cent below normal, 30 per cent of the energy taken from the line 
is lost. 


Figure 2 shows the relations between horse-power output, effi- 
ciency and speed of a 50-horse-power Westinghouse variable speed 
induction motor used for driving a DeLaval three-stage centrifugal 
pump in the Hydraulic Laboratory of the University of Illinois. 
The results of the test of this motor bear out the statements quoted 
above. 
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Fig. 2. Curves SHow1na RELATIONS OF HorsEPOWER 
AND SPEED OF A WESTINGHOUSE 50-HorsEPOWER, 440-VoLrT, 60-CycLE, 
2-PHASE VARIABLE-SPEED INDUcTION Motor 


When the head developed by the pump is in excess of the head 
required under the given condition of speed and discharge, the 
excess head is usually wasted through a partly closed valve. The 
power input to the pump remains unchanged because the pump 
continues to deliver the given quantity of water against the same 
head no matter how much the valve is throttled. The power used 
in producing the excess head is wasted. If, however, the speed of 
the pump is reduced to the proper amount it will not be necessary 
to waste head through a valve. The head developed by a centri- 
fugal pump varies as the square of the speed when the discharge is 
zero, and varies approximately as the square of the speed for any 
discharge within the usual range of operation. If the speed is 
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reduced to 90 per cent of the original speed, the head will be reduced 
to about 81 per cent of the original head. If this change of speed is 
accomplished by means of a variable speed induction motor, the 
efficiency of the motor will be reduced to 90 per cent of the original 
efficiency. The efficiency of the pump usually does not change 
materially within such a range of operation. If the head be reduced 
to 81 per cent of the original head by throttling a valve, the over-all 
efficiency will be reduced to 81 per cent of the original over-all 
efficiency. That is, the use of the variable speed motor to decrease 
the head to 81 per cent of the original value reduces the over-all 
efficiency by 10 per cent, as compared with a reduction of 19 per 
cent in case a valve is throttled. 

In the case of a motor-driven pump having an over-all efficiency 
of 55 per cent, delivering 1000 gallons per minute against a maxi- 
mum head of 100 feet, but operating against a head of 90 feet half 
of the time, a saving of about $150 a year would be effected by 
the use of a variable speed induction motor instead of a squirrel 
cage motor, it being assumed that power costs 2 cents per kilowatt- 
hour. Approximately the same annual saving would be effected 
by the use of a variable speed motor with a pump of the above 
capacity and efficiency for any maximum head provided that 
the pump operates half of the time at a head 10 feet less than th 
maximum. 

Figure 3 gives the results of tests on a DeLaval three-stage cen- 
trifugal pump direct-connected to a Westinghouse variable speed 
induction motor. The over-all efficiency of the unit when deliver- 
ing various quantities of water against various heads is shown when 
the speed of the unit is varied and also when the unit is run at nor- 
mal speed and the heads are obtained by throttling the discharge 
valve. It will be noted that the saving in power effected by the 
use of the variable speed motor is large when considerable reduc- 
tions of head are required. The motor driving the pump was 
arranged for only five running speeds. The smooth curves drawn 
through the points indicate the over-all efficiency if the resistances 
introduced into the rotor circuit could be made any desired amount. 
For the unit used in the tests it is necessary to throttle the discharge 
valve to obtain heads between those given by the five running 
speeds. The over-all efficiency for different heads is, therefore, as 
indicated by the dotted lines in the tests with the discharge of 150 
gallons per minute. 
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In the selection of a variable speed motor to drive a centrifugal 
pump great care should be taken that the several speed changes 
shall all be within the range required to produce the specified range 
of head, and the more speeds within this range the better. The 
electrical manufacturing companies might well turn their attention 
to developing an external resistance having a large number of steps. 
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The resistances consist of cast-iron grids compactly arranged, and 
are connected with the motor through a controller of the type used on 
street cars. Considerable heat is developed in the grids when the 
motor is operated at the lower speeds. The grids should, therefore, 
be located where the heat generated will not be objectionable. 
Unless the operator is instructed concerning the advantages of the 
use of variable speed, he is liable to conclude from the heat devel- 
oped in the grids that it is better to throttle the discharge by means 
of a valve, because the energy loss in this case is not so apparent 
although it is in general about twice as great. 

The variable speed induction motor is more expensive than the 
ordinary squirrel cage motor, but the saving in power resulting 
from its use, when the head varies considerably, will much more 
than pay the interest and depreciation on the additional investment. 
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PUBLIC WATER SUPPLIES IN ILLINOIS! 
By G. C. HaBERMEYER AND A. A. BRENSKyY? 


Public water supplies have been installed in more than 400 muni- 
cipalities in Illinois. This includes about four in every five munici- 
palities with more than 1000 population and one in every five with 
a population of less than 1000. The sources of supply and the num- 
ber of municipalities securing water from each are as follows: 


1. Surface supplies; lakes, streams and impounding reservoirs... 
3. Wells and galleries in sand and gravel deposits in glacial drift 


and in valleys of streams 
4, Wells in rock 


In the northern part of the state, in many localities, water is 


available from several of these sources. Many cities located on the 
shore of Lake Michigan secure water from the lake. A large major- 
ity of all other municipal supplies are from wells in rock, as water of 
good quality is available from that source. In many places, waters 
from rock strata are preferable to waters from sand and gravel 
deposits on account of a lower content of iron. 

In the central western part of the state, west of Illinois river, 
water is secured from Mississippi River by several cities located on 
its banks. A majority of all other supplies is from wells in rock. 
The water secured from wells in rock in this locality is much more 
highly mineralized than water secured from wells in the same strata 
in the northern part of the state. There are, however, few localities 
in this part of the state where an abundant supply can be secured 
from wells in drift and the cost generally to a small municipality of 
developing a well supply is less than the cost of impounding water 
from a stream and filtering the supply. 


1 Read before the Illinois Section, March 24, 1920. Discussion is requested 
and should be sent to the Editor. 
2 Illinois State Water Survey, Urbana, III. 
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In the central eastern part of the state, east of Illinois River, is a 
large area in which nearly all municipal supplies are from wells in 
sand and gravel deposits. Nearly all wells in rock in this part of 
the state yield highly mineralized waters and many of the cities are 
located a considerable distance from any large stream or good im- 
pounding reservoir site. An abundant supply of water of good 
quality is not available in sand and gravel deposits throughout this 
part of the state and a few cities, Danville, Decatur, and Pontiac, 
secure water from streams. Kankakee and Streator, where water 
is secured from streams, may be considered to be near the northern 
limits of this area, and Carlinville, Pana and Charleston, where 
water is secured from streams, may be considered as near the south- 
ern limits of this area. 

In the southern part of the state, south of Carlinville, nearly all 
supplies are from streams or impounding reservoirs. Several cities 
in the vicinity of East St. Louis and three or four other small cities 
in this area secure water from wells in drift. Throughout nearly 
all of this area, waters secured from wells in rock are very highly 
mineralized, though near the southern end of the state, in the vicin- 
ity of Cairo, some water of fair quality may be secured from wells in 
rock. 

Wells in rock. In the northern part of the state, many cities 
secure water from wells in rock. The St. Peter and Potsdam for- 
mations, which outcrop in Wisconsin, yield more water than any of 
the other rock strata. In general, these strata dip to the south and 
east with a fold, with a steep western limb, extending northwest and 
southeast, passing near La Salle. To the east of this fold along the 
Illinois River, St. Peter sandstone is exposed. 

Several wells into the St. Peter and Potsdam formations, located 
on low lands, have a natural flow. Near Mississippi River in the 
northern part of the state, several wells with an elevation at the 
top nearly 600 feet above sea level, yield as much as 250 gallons a 
minute each. 

The best information available in regard to deep rock wells in the 
northwestern part of the state is of three wells which have been 
drilled into the Potsdam formation at Savanna. The first well was 
drilled in 1886 to a depth of 1432 feet and was 5 inches in diameter 
below a depth of 400 feet. The pressure at the ground surface was 
30 pounds in 1890, 18 pounds in 1906 and 15 pounds in 1908. A 
second well was drilled in 1908 about 1700 feet distant from the first 
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well, to a depth of 1443 feet, and was 8 inches in diameter in the 
lower 1000 feet. It yielded 500 gallons a minute. The pressure at 
the ground with no flow was 14 pounds per square inch. In 1917 a 
third well was drilled 300 feet distant from the first well, on ground 
a few feet lower, to a depth of 1852 feet. This well is cased with 
8-inch pipe to a depth of 880 feet, which is below the bottom of the 
St. Peter sandstone. The pressure at the ground surface outside of 
this casing (inside of a larger casing which extends 30 feet to rock) 
was 43 pounds and the pressure inside of the casing was 11 pounds. 
The yield, all from inside the 8-inch casing, was 312 gallons a minute. 
The yield of the first two wells drilled was given as more than one 
million gallons in 1908 and in 1916 it was about sufficient to supply 
demands of 700,000 gallons a day. In 1919 the three wells yielded 
about 960,000 gallonsaday. Although this city is in the most favor- 
able locality for flowing wells, the time is apparently approaching 
when, with continued lowering of the water level and decrease of 
yield of each well and increased consumption, it will be more eco- 
nomical to install pumps than to depend upon the natural flow of 
wells. 

At Rockford three wells into the Potsdam formation and five into 
the St. Peter sandstone, connected by tunnel to a shaft, yield from 
2,600,000 to 2,900,000 gallons a day. Two other wells, each pumped 
- by an electrically-driven centrifugal pump, have been installed. 
One well is 22 inches in diameter at the top, 12 inches at the bottom 
and 1502 feet deep. It passes through the St. Peter sandstone and 
enters the Potsdam formation at a depth of 570 feet. When not 
pumping, water stands 16 feet below the ground surface. Pumping 
«. half day at a rate of 2,250,000 gallons a day lowers the water level 
to 100 feet below the ground surface. The other well is of about the 
same dimensions and has about the same yield. 

At Aurora water is secured from wells penetrating the St. Peter 
and Potsdam sandstones. These wells, except one on high ground, 
will flow if not pumped for some time. The Potsdam formation is 
entered at a depth of 1100 to 1200 feet. One well is 18 inches in 
diameter at the top, 15 inches in diameter at the bottom and 2262 
feet deep. Equipped with a pump at a depth of 325 feet, it yields 
at times more than 1000 gallons a minute. After several hours 
pumping it yields 900 gallons a minute. Another similar well at 
Aurora has about the same yield. 
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Large quantities of water are secured from the St. Peter and Pots- 
dam sandstones by industrial establishments and municipalities in 
the vicinity of Chicago. With continued and increasing demands 
the water level in this vicinity has been considerably lowered. In- 
formation in regard to supplies in this part of the state is contained 
in a bulletin soon to be issued by the State Geological Survey Divi- 
sion entitled “Artesian Waters in Northeastern Illinois.” Infor- 
mation is also given in an article by C. B. Anderson in the 1914 
Proceedings of the Illinois Water Supply Association. 

Some water is secured in the northern part of the state from the 
Niagaran and Galena-Platteville limestones, which overlie the St. 
Peter sandstone and from limestone and sandstone which lie between 
the St. Peter and Potsdam formations. Several municipalities 
between Chicago and Kankakee secure water from wells 100 to 400 
feet deep in the upper limestone strata. 

At Galesburg, in the central western part of the state, a well has 
been drilled to a depth of 1252 feet, 10 inches in diameter at the 
bottom, and cased to the St. Peter sandstone. (The St. Peter sand- 
stone is recorded in another well at a depth between 1000 and 1100 
feet.) The static water level is at a depth of 183 feet. During a 
test the well yielded 540 gallons a minute with a lowering of the 
water level of 118 feet. 

At Fairbury a well 8 inches in diameter at the bottom has been 
drilled to a depth of 2172 feet. St. Peter sandstone was recorded 
by the drillers between depths of 1350 and 1603 feet. Pumping 24 
hours at a rate of 87 gallons a minute lowered the water level 91 
feet to the pump cylinder at a depth of 300 feet. 

Carbondale and Marion are the largest cities in the southern 
part of the state securing water from rock wells. At neither place 
is the supply entirely adequate. 

At Mound City, in the southern end of the state, a well drilled to 
a depth of 630 feet in 1900 had a natural flow of 85,000 gallons a . 
day. During pumping tests as much as 700,000 gallons a day has 
been secured. 

Waters from rock in the central part of the state are more highly 
mineralized than waters from rock in the northern part of the state. 
A few supplies with the mineral content are listed on the next page: 
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cITy | PART OF STATE 
feet p.p.m 

1,440 300 | Northwestern 
2,414 1,060 | Between 1 and 3 
2,000 1,300 | * 
760 76,300 | Central 
900 61,000 | South Central 
630 265 | Southern 


* At about southern limit of area in which water is secured from the St. 
Peter and Potsdam sandstones in the northeastern part of the state. 


The mineral content depends partly upon the strata from which 
water is secured. In the northern part of the state where good 
water is obtained from the upper part of the Potsdam formation 
highly mineralized water is obtained at places at slightly increased 
depths. 

The quality of water from a well is in places improved by casing 
part of the well to exclude oil, natural gas, hydrogen sulphide or 
water with other objectionable content. At Galesburg better water 
is secured from a well 2414 feet deep than from wells about 1300 
feet deep. As in many similar cases, however, the water from the 
deeper well is rather highly mineralized. 

Wells in drift. In the northern part of the state several small 
cities secure supplies from wells in drift, as the expense of a well is © 
less than the expense of a well to the underlying rock, and abundant 
yields are secured in places. In nearly all localities in that part of 
the state, water secured from sand and gravel deposits contains 
more iron than does water secured from the underlying rock strata, 
accounting for a majority of cities securing water from the rock 
strata. 

In the central eastern part of the state the largest cities securing 
water from sand and gravel deposits in glacial drift are Champaign- 
Urbana. The amount pumped for various supplies is probably 
about 3,000,000 gallons a day. In this part of the state wells 12 
inches or less in diameter rarely yield as much as 200 gallons a 
minute. At Monticello a 12-inch well 209 feet deep in glacial drift 
yields more than 300 gallons a minute, with a lowering of the water 
level so small that it cannot be easily measured. At Bement, near 
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Monticello, many wells have been sunk with a yield so small that 
the wells have been abandoned in favor of two original wells which 
yield about 30 gallons a minute each. 

At Freeport in the northern part of the state and at Champaign- 
Urbana in the central eastern part of the state, plants have been 
installed to remove iron from water secured from sand and gravel 
deposits. 

The largest cities securing water from sand and gravel deposits 
in valleys of streams are Peoria and Springfield. At Peoria a well 
34 feet in diameter and 40 feet deep yields 4,000,000 to 5,000,000 
gallonsaday. In times of low water two wells 90 feet deep equipped 
with 7-foot diameter strainers are used. Each yields from 3,000,000 
to 3,500,000 gallons a day. 

In the vicinity of East St. Louis, some wells in bottom lands have 
a large yield. At Wood River the total yield of two 12-inch and 
ten 20-inch wells 110 feet deep is estimated at 25,000,000 gallons a 
day. 

In the southern end of the state water is secured from wells in 
bottom lands of Ohio River at Metropolis and Brookport. 

Surface water supplies. Surface water supplies are utilized by 
Chicago and other cities on the shore of Lake Michigan, by cities 
on the banks of Mississippi River, by a few cities located in the 
central part of the state and by nearly all cities in the southern part 
of the state which have public water supplies. Few data are avail- 
able in regard to the yields of various water-sheds. The Depart- 
ment of Public Works and Buildings maintains gauging stations on 
several streams in the state. Records showing rainfall and runoff 
for a very short period of time, as published by the U. S. Geological 
Survey and by the State of Illinois Rivers and Lakes Commission, 
are given in figure 2. 

When a supply is taken from a stream in which the flow is at 
times insufficient to supply demands, impounding reservoirs are 
constructed to store sufficient water to supply evaporation and 
excess of demands during time of low stream flow. The topography 
in parts of the state is flat and good sites are not available for reser- 
voirs as evaporation is greater and objectionable growths are more 
plentiful in shallow reservoirs. 

With the readjustment of incomes and prices now in progress, 
will come a demand for improvements in water works long deferred 
in the larger cities and for installation of water works in smaller 
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cities. Municipalities with not more than one hundred population, 
or less, where houses are not far distant and an adequate supply 
can be obtained, may with advantage install supplies similar to 
those installed in small municipalities, institutions and residences. 

The State Water Survey Division collects facts and data concern- 
ing the water resources of the state in order to be of service to munici- 
palities extending and installing water supplies. 


| 

\ 24 7 


RAINFALL IN INCHES 


RS 


Pun-orF in Incnes 


Fig. 2. Stream FLow IN SOUTHERN ILLINOIS 


Data from Rivers and Lakes Commission 1914 Report and United States 
Geological Survey, Water Supply Papers. 

@ Stream flow in Big Muddy near Cambon and at Plumfield. Drainage area: 
735 to 753 square miles. Rainfall: 1908, 1909 and 1910— average of Benton and 
Mt. Vernon; 1912—, Mr. Vernon; 1915, 1916 and 1917—, average of Ewing and 
Mt. Vernon. 

O Stream flow in Skillet Fork at Wayne City. Drainage area 481 square 
miles. Rainfall: 1909 and 1910 — average of Flora and Mt. Vernon; 1911 — Mt. 
Vernon. 

X Stream flow in Shoal Creek near Breese. Rainfall at Greenville. 


DISCUSSION 


A. N. Tatsot: When the authors referred to the yield of wells in 
drift, they did not include the large new well of the University of 
Illinois, which has a discharge of 600 to 800 gallons per minute, a 
yield considerably greater than those mentioned. 


Epwarp Bartow: The authors spoke about the large amount of 
water obtained at Wood River. They did not say that that was at 
a refinery of the Standard Oil Company. Some of the members 
might not know why there was such a great demand. One of the 
largest oil refineries in the country is located at that point. 
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mA STREAM POLLUTION IN ILLINOIS! 
By LanGpon PEARSE? 


The subject of stream pollution in Illinois may not be of direct 
interest to most water works men, for the reason that comparatively 
few cities in the State take their water from streams, and those 
that do, as a general rule, take the supply near the headwaters of 
the streams, above gross pollution. However, most water works 
men have an indirect interest in that they live on streams that are 
polluted, and are interested in knowing the conditions and what 
can be done to cure them. 

While the author’s experience in Illinois has been largely on the 
Illinois River problem, he has also had occasion to observe condi- 
tions on tributaries at various points. With present populations, 
the low flow of many of the tributaries, such as the Des Plaines, 
Fox, Sangamon, and other rivers, is entirely inadequate to dilute 
the sewage discharged into them before they enter the Illinois. In 
the various tributaries which are polluted, local nuisances have 
developed which have been investigated from time to time by the 
State and local authorities. As yet, little has been done to cure 
the conditions. Considerable complaint has arisen along the Fox 
River and along the Des Plaines River above Summit. The Sanga- 
mon has been thoroughly investigated from Decatur down. Of the 
three mentioned, the condition of the Sangamon is undoubtedly the 
worst. Steps are now being taken to clean up the Des Plaines above 
Riverside, and work is underway at Decatur to clean the upper 
reaches of the Sangamon. 

Of the various tributaries entering the Illinois River, the Kankakee 
is in the best condition, and has a moderate dry flow. 

The Illinois River, leaving out of account the water taken from 
Lake Michigan, has a comparatively low flow in dry weather. Prior 
to 1900, when the Drainage Canal was opened, the records show at 


1 Read before the Illinois Section, March 26, 1920. Discussions are re- 
quested and should be sent to the Editor. 
*Sanitary Engineer, The Sanitary District of Chicago. 
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Peoria that the flow was below 1843 cubic feet per second for 148 
to 160 days in a year, with a minimum flow of 723 cubic feet per 
second. The population along the Illinois River in 1910 was 
116,553 from the towns with sewers, and in 1920 is estimated at 
133,704. With the additional load from industries, and in par- 
ticular the corn products industries in the vicinity of Peoria and 
Pekin, it is probable at the present time the equivalent load in the 
vicinity of that territory is around 1,000,000 people. Consequently, 
the low flows of the Illinois River are utterly inadequate for any 
dilution, and were not the Sanitary District channel in operation, a 
condition of nuisance would obtain which would be worse than 
anything before or after the opening of the channel. 

The low flow of the Des Plaines River is practically nil. The 
low flow of the Kankakee varies from 300 to 400 second feet, and the 
Fox is around 200. Consequently, in dry weather, over 80 per cent 
or more of the entire flow of the Illinois River at present comes 
from the Sanitary District channel. 

One of the saving factors in reducing the amount of pollution 
entering the Illinois River from tributaries is the self-purification 
which takes place in those tributaries. This is evidenced by the 
high dissolved oxygen found at the mouth of tributaries like the 
Fox River. Inspection of the flow shows considerable algae growth, 
which is in itself an indication of self-purification. 

The conditions existing in the Illinois River prior to the opening 
of the drainage canal were very bad, according to all reports and 
the statements of observers who were familiar with those condi- 
tions. The opening of the canal made a constant flow of water, and 
for many years vastly improved the conditions. With the war, the 
increased load upon the channel from the industries in Chicago ap- 
pears to have made a turning point, so that the condition of the 
canal and river is not as good as it was several years ago. There is, 
however, no question, if the canal were shut off, that conditions 
would obtain down the Illinois River which would be worse than any- 
thing in the memory of man. 

There is considerable tributary population other than Chicago, 
from Joliet down to Pekin, discharging not only human waste 
but the waste from industrial establishments, such as tanneries, 
gas works, corn products factories, smelters, mines, and the like, 
which is probably equivalent to more than 1,000,000 people. The 
required flow, even at 3.3 cubic feet per second per thousand people, 
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would mean at least 3000 cubic feet per second of dilution, a flow 
which is not produced by the Illinois River in a state of nature for 
at least 166 days per year. This shows that cities along the valley 
should be greatly interested in maintaining an adequate flow in 
order to postpone the day of treatment at their expense. 

From the strictly sanitary standpoint, it is a question whether the 
various dams in the river, and in particular in the upper river, are of 
value. While they retain solids, they are likely in warm weather to 
become centers of local nuisances, and in particular at Lockport and 
Marseilles produce anaerobic conditions which use up all the dis- 
solved oxygen available. Such conditions produce nuisance. Sani- 
tarians, therefore, have felt that in streams which receive sewage 
pollution, where possible, it is best to be free from dams or other 
obstacles which will retard the flow and make points of sludge de- 
posit. However, under the present conditions, it is probable that 
the presence of the dams has retarded the movement of sludge down 
the river. This may have been of value during dry weather. 

The problem for the authorities in such a situation is to bal- 
ance the economic and aesthetic advantages. There is no question 
but most streams of this character will be required to receive drain- 
age and alsosewage. There appears to be no question but that such 
a river will always be unfit as a source of water for drinking purposes. 
The pollution is above any limit that has ever been suggested for 
sewage pollution, even where loads on water filtration plants were 
being considered. It is a question, with its past history, whether 
such a water should ever be considered for drinking use. In this 
connection it is entirely within the range of possibility that inside 
the next 30 or 40 years most of the towns along the Illinois River 
will be supplied by water from Lake Michigan. This may prove 
true for towns as far away as Ottawa. 

The stream conditions vary between winter and summer. In 
normal winters, with a light ice sheet of restricted extent, the con- 
ditions are better than in summer. In abnormal winters, when the 
ice sheet persists and is very extensive, conditions have been found 
worse than in the summer, owing to the absence of reaeration. As 
a general rule, the summer conditions seem to be the limiting ones, 
and consequently they have been studied at more length. 

A solution of the problem has been sought in various standards 
which could be established for consideration. It is proper to en- 
deavor to conserve the fish industry, particularly in the lower 


2 
° 


552 LANGDON PEARSE 


Illinois. Statistics show that at one time the Illinois River was the 
second largest fish-producing stream in the United States. The 
amount of dissolved oxygen and conditions requisite for fish life 
have been studied, and it is possible to maintain conditions by proper 
treatment so that fish can live in the river above Peoria. 

It is a question whether bathing will ever be safe in the upper 
river because of the pollution. Of course, if everyone were inocu- 
lated for typhoid, there would be little risk except for the ear or eye- 
infection, but when one observes the character of water in which 
boys go swimming, such as the branches of the Chicago River, it is 
probable that the Illinois River, when cleaned up, will be attractive 
to the boy swimmer. 

There is no question but what the river can be made fit for boat- 
ing, and that odors can be prevented. Local nuisances can be re- 
duced and removed. The river should further be unobjectionable 
for cattle. 

At the present time the Sanitary District is making efforts to settle 
the entire sanitary problem, both from the standpoint of adjusting 
the diversion from Lake Michigan to the satisfaction of the Federal 
Government and the Canadian Government, but also of adjusting 
the lake levels by controlling works, and by progressive sewage 
treatment to clean up the Illinois River and the local conditions near 
Chicago. In this program it is proposed to make effective progress. 
in the treatment of industrial wastes, such as those of Packingtown, 
by the activated sludge process, and by handling generally the in- 
dustrial waste. Experiments are now under way on tannery waste, 
and shortly will be inaugurated on corn products wastes. Plans are 
being drawn for a treatment plant for the sewage originating south 
of 87th Street in the Sanitary District. Plans are also being studied 
for the treatment progressively of the entire Sanitary District, and 
in particular the sewage entering the North Branch of the Chicago. 
River. Conferences have been held with the city officials of the 
towns in Lake County, Indiana, with a view to having action taken 
so that their sewage may likewise be treated before it enters the new 
Calumet Sag channel. 

From this brief statement it will be seen that the Sanitary District 
is now entering upon the third phase of its history. Having built 
the main channe] and diverted the sewage from the drinking water 
of Chicago, the Sanitary District is now preparing to clean up the 
Chicago River and the Illinois River, and adjust all the points of 
difference with its neighbors, both local and national. 
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PROTECTION OF WATER SUPPLIES BY SEWAGE PURI- 
FICATION! 


By Harry B. Hommon? 


One of the most important questions confronting many of our 
cities today is that of securing and maintaining a water supply that 
is free from pathogenic organisms and otherwise suitable for domes- 
tic and industrial purposes. As our cities grow in size and increase 
in number, the problem becomes more complex for the reason that 
the water-courses of the country are used, on one hand, as a source 
of domestic supply, and on the other, as a means of sewage disposal. 
It is common practice for a city to take its water from a river at the 
upstream side and discharge it below the city as sewage. This 
dual use of a water-course has been accepted and recognized by the 
courts as coming within the rights of the riparian proprietor, but 
only in so far as the privileges claimed do not conflict with similar 
rights of others located on the same body of water. 

It is not always an easy matter, however, to decide where the 
rights of one party end and the lawful privileges of another begin. 
In the past, and to a certain extent at the present time, courts have 
been called upon to decided controversies arising from the use of 
streams as a means of disposing of sewage and other wastes. More 
recently many states have passed laws to regulate stream pollution 
and the results have been so satisfactory that it is believed that 
within a few years all the states will have laws on their statute 
books which will permit active control over the purity of the water- 
courses in the country within the boundaries of the states. 

One of the most important results that has come from the court 
decisions handed down and the state laws that have been passed in 
relation to stream pollution, has been the treatment of sewage as a 
means of protecting water supplies. It may be of interest in this 
connection to quote the fundamental principles given by Mont- 


1 Read before the Illinois Section, March 24, 1920. Discussions of this 
paper are requested and should be sent to the Editor. 
2 Associate Sanitary Engineer, U. S. Public Health Service. 
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gomery and Phelps,’ which the courts have recognized as the basis 
for their decisions. 


The basic rule in common law has been stated to be that each riparian pro- 
prietor has the right to have the stream come down to him with its quality 
unimpaired and with its quantity undiminished. 

But expressions like the above are extreme statements of the rule and can- 
not be accepted literally. 

That is to say, each riparian proprietor is interested on the one hand, in 
having the water come down to him in its natural state and in its full volume. 
On the other hand, he is interested in making the largest use of the stream 
which his convenience or interest may dictate; and since almost any use of the 
stream has some tendency either to diminish the volume or lessen its purity, 
or both, it follows that a rule which would preclude each riparian owner from 
polluting the stream at all or from diminishing its volume at all would defeat 
its own purpose; and this has been recognized by the courts. 


Quoting further from the report referred to above, it is shown that 
municipalities have no further rights than individuals. 


By the great weight of authority, municipalities have not greater rights 
than individuals to pollute water-courses and must respond in damages for 
any injury caused to a lower riparian proprietor and may be enjoined continu- 
ing the pollution. 


It is thus seen that the courts have recognized the right of an 
individual, corporation, or city to use a water-course as a means of 
carrying off its sewage, but only to such an extent that riparian 
proprietors lower down on the same stream will not be deprived of 
the natural rights accruing from their vested property rights. 

If the water in the rivers and lakes of the thickly settled portions 
of the country were used only for such purposes as the courts and 
state laws have held as coming within the riparian proprietory rights, 
it is doubtful whether these sources would furnish a water satis- 
factory for domestic purposes without some degree of treatment. 
Even water supplies obtained from protected watersheds located in 
the hills, mountains, or on the headwaters of streams are often 
sterilized to guard against accidental pollution. 

In considering, therefore, the protection of water supplies by 
sewage treatment the important problem is not so much as to 
whether any given water requires purification but rather what effect 


3 Stream Pollution; A Digest of Judicial Decisions and a Compilation of 
Legislation Relating to the Subject. Montgomery and Phelps. U.S. Public 
Health Bulletin 87. 
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the presence of sewage in unusual amounts will have on the pro- 
cesses of treatment, and the character of the water produced. The 
term sewage is used in the broader sense to include all liquid wastes 
discharged, either from a city’s sewers or through outlets from manu- 
facturing plants outside the city limits. 

Using the broader meaning of the word sewage, it becomes appar- 
ent at once that a city must consider many factors when deciding 
whether any given stream that contains a large amount of untreated 
liquid wastes from other communities is a suitable source for a 
domestic water supply. These factors will be discussed from the 
standpoint of the relation they bear to the operation of a purification 
plant and the quality of water produced. 

1. The bacterial content of the water. A stream containing 
comparatively fresh sewage in large amounts will have large num- 
bers of pathogenic organisms and the potential danger of using such 
a water, even though filtered and sterilized, may be justification for 
rejecting the supply or cause for requiring cities or towns upstream 
to treat their sewage. 

2. Color. River or lake waters may contain sewage and colored 
industrial waste to such an extent that the ordinary purification 
processes will not remove the color. Dyewastes, tannery, and 
sulphite wastes from paper manufacturing plants are often dis- 
charged into streams in large volumes and the color imparted to the 
water persists for long distances. 

3. Alkalinity. The normal hardness of river water may be so 
increased by the presence of sewage and industrial wastes that soft- 
ening processes will be required; or spent acids may be discharged 
into a river in sufficient amounts to reduce the alkalinity so that, 
where coagulation is necessary, an additional amount of chemicals 
will have to be added. 

4, Odors and tastes. River water may have pronounced odors 
and tastes due to the presence of some industrial wastes. Those 
from gas manufacturing and oil refineries are the most common. 

5. Temperature. Industrial establishments located on small 
streams may use a large part of the stream flow for cooling and other 
industrial purposes and thereby raise the temperature of the water 
of the entire stream. The author is familiar with one case where 
the water at the intake of a filtration plant has a temperature of 
137°F. in the summer time. 
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6. The aesthetic consideration. Floating particles common to 
sewage, such as pieces of fecal matter, soap, matches, paper, and 
other miscellaneous material, do not add to the attractiveness of a 
water as a source for drinking purposes. No matter how efficient 
filtration may be, public sentiment is against using water from 
sources in which direct evidences of sewage pollution can be seen, 
and it is not necessary that such evidence be in the immediate 
neighborhood of the water intake. 

The extent that the influences noted above will have on any par- 
ticular water supply will depend on local conditions. For example, 
the sewage and industrial wastes from the Pittsburgh District on 
the Upper Ohio River do not interfere with the use of the river 
water at Cincinnati for domestic purposes, and the presence of 
these wastes does not place an undue burden on the filtration plant. 
In this particular case, the distance between the two cities on the 
Ohio River and the dilution are sufficient to permit self-purification 
to take place. 

There are, however, many cities and towns located on streams 
that would furnish suitable water supplies for domestic purposes 
if it were not for the fact that the time of flow and dilution of sewage 
from neighboring communities above are not sufficient for self-puri- 
fication to take place. In such cases, and there are many of them, 
sewage treatment should be required, the extent, however, depend- 
ing upon local conditions. Where the dilution is high but the 
distance between the point of sewage discharge and water intake 
is comparatively short, fine screens.or some form of tank treatment 
followed by sterilization may be sufficient. If the dilution and 
time of flow of sewage discharged into a stream from one city is 
insufficient to permit self-purification to take place before reaching 
the water intake of another, complete oxidation in a sewage treat- 
ment plant is necessary and in some cases sterilization will be re- 
quired in addition. Each problem of sewage disposal is, therefore, 
a special study in itself, and before plans are prepared, a thorough 
examination should be made to learn what the local requirements 
are and what design of sewage treatment plant will meet them most 
satisfactorily. 

In water treatment plants it has been possible to adopt standards 
of purification that are practical and they are being maintained 
throughout the country. In sewage treatment, however, the pur- 
pose is not to maintain a standard which will apply to all plants but 
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rather to so modify the sewage that the natural purifying power of 
the water in the streams will complete the oxidation of the organic 
matter remaining in the effluent of the disposal plant. In other 
words, the effluent from water purification plants must conform to 
well-defined, uniform standards of quality, while the effluent from 
sewage treatment plants may be of varying quality, depending on 
the power of the receiving body of diluting water to bring the puri- 
fication to the required standard. 

The science of sewage treatment has progressed to the point 
where special processes can be recommended for purifying sewage 
to any degree required. The type of plant best suited for any given 
city should be determined, however, by a competent sanitary 
engineer. Enough money should be available for constructing the 
plant recommended, and provision should be made for the super- 
vision of its operation. The failure of a large number of sewage 
disposal plants in operation today to produce satisfactory effluents 
is due in a very large measure, either to the fact that enough funds 
were not available to build the treatment plant as large as was 
recommended by the engineer who designed it, or it has been out- 
grown, or there is a lack of control over the operation. The mis- 
takes that have been made are not inherent in the principles in- 
volved, so that cities wishing to purify their sewage for the protec- 
tion of water supplies can install and operate properly designed 
treatment plants with confidence that they will produce the results 
expected from them. 

The question of deciding when one city is discharging more sewage 
into a stream than its self-purifying powers can take care of before 
reaching the water intake of another city lower down on the same 
stream is not always easy to determine. In extreme cases, there 
will be found, on the one hand, situations where the water at the 
intake of a city will contain direct evidences of sewage pollution, 
such as floating material common to sewage, and on the other hand, 
places where the only evidence of sewage that can be found in the 
water will be the increased numbers of bacteria and an excess of 
organic matter. Only a very superficial examination is necessary 
in the first case to decide whether sewage treatment is necessary 
for the protection of a water supply, but at the other extreme a 
very careful survey of the entire situation must be made, including 
chemical and bacteriological examinations of the water that extend 


over considerable periods of time. 
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Formerly when the courts were called upon to decide the relative 
merits of controversies arising from questions of stream pollution 
the evidence was, naturally, more or less biased by the purpose for 
which it was to be used. Even where technical evidence was given, 
there was a tendency to omit data which might not advance the 
interests of clients. From the very fact that the parties to such a 
suit were interested primarily in winning their case and due to the 
fact that judges and jurymen could not be expected to be familiar 
with the science of sewage treatment, water purification, and the 
factors entering into stream pollution, it was not always possible 
to settle cases on their true merits. There never was, however, any 
doubt as to the fundamental law regarding the ripiarian proprietory 
rights, discussed earlier in this paper, but the evidence was lacking 
in some cases upon which proper interpretation could be made. 

A few year's ago it became apparent that the courts were not the 
proper places to decide whether a stream of water had become so 
badly polluted with sewage that the water was unfit for domestic 
purposes. It was felt that the greatest use possible should be 
made of our water-courses in carrying off the liquid wastes from 
cities and that the authority for deciding when a stream had reached 
its capacity for carrying sewage should be vested in the state. Ac- 
cordingly, many states enacted laws for controlling stream pollution 
and authority for their enforcement has been given to the various 
state boards of health. For the purpose of carrying out the purpose 
and intent of these laws, sanitary engineering departments have 
been developed. These include a chief engineer and assistants, 
chemists, bacteriologists and laboratory facilities. 

It is possible for any state, through such an organization as is 
referred to above, to keep watch over the streams within its bound- 
aries and to require that they be maintained in a sanitary condi- 
tion. When controversies do arise over questions of stream pollu- 
tion, the states should have the means of collecting the important 
data by experts and presenting the information in an unbiased 
manner. However, stream pollution cases between individuals and 
cities ought never to reach the courts in states having a well-organ- 
ized sanitary engineering department, for the reason that the states 
should require that corrective measures be applied before conditions 
reach the point where a law-suit becomes necessary. 

The state department of health of every state should have a 
competent sanitary engineering department with sufficient per- 
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sonnel and equipment to look after the sanitary conditions of all the 
water-courses within the state. The department will be almost 
useless, however, if the necessary authority is not given to require 
that its recommendations be put into effect. The protection of 
water supplies by enforcement of sewage treatment is a function of 
the state acting through its department of health, and the extent to 
which waterways sanitation is enforced will depend upon the laws 
passed to require sewage treatment, and the personnel and equip- 
ment provided to carry out the work. 

The states have jurisdiction over the rivers and lakes within 
their boundaries, but there is no authority at present to require 
cities located on interstate streams to treat their sewage for the 
protection of water supplies taken from these streams by cities in 
other states. The industries along our main waterways are sure to 
increase in size and number and with them the population will 
grow apace. The time must come, therefore, when the streams can 
no longer be utilized, as they are today, for carrying off the raw 
sewage and wastes from large and thickly settled communities 
without seriously affecting the use of the water for domestic pur- 
poses. The national government alone has the authority to con- 
trol the pollution of interstate streams, and it would appear.to be 
in the interest of economy as well as the best interests of future 
generations for the government to guard these streams against 
excessive pollution that may be difficult and expensive to remove if 
allowed to progress too far. If laws are passed by the government 
for the control of sanitation in the interstate streams, they should 
be closely correlated with the laws of the various states relating to 
the interstate streams. 

The United States Public Health Service, under authority of an 
Act of Congress passed in August, 1912, has been making a study 
of the pollution of the interstate rivers, but this law provided only 
for an investigation of conditions as they exist today. It is believed, 
however, that the data obtained will eventually be used as a basis 
for framing the necessary laws for preserving the interstate rivers of 
our country as a safe source of water supplies for the large cities 
located on them. 
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THE OUTBREAK OF TYPHOID AND DYSENTERY AT THE 
CHICAGO & ALTON SHOPS AT BLOOMINGTON! 


By M. C. Ssosiom? 


On February 17, 1920, the State Department of Health received 
word that an outbreak of intestinal disease had occurred at the 
Chicago & Alton shops at Bloomington. Accordingly an assistant 
engineer visited Bloomington and made a rather brief investigation 
of the situation. Later the author made several visits to the city 
to study the outbreak. 

Nature of outbreak. Information received indicated that the main 
outbreak began about the middle of January. Severe intestinal dis- 
turbances were characteristic of a large number of cases. The early 
effects were described in many cases as being similar to those re- 
sulting from eating green apples. Others felt aches and were in- 
disposed for a week or more before going to bed. The outbreak 
included probably between 300 and 400 cases of diarrhea, about 130 
cases of typhoid, and resulted in at least fifteen deaths. 

The Chicago & Alton shops are on the north side of Bloomington 
within a relatively short distance of the city water works. They 
employ a total of nearly 2000 men. The shops include a large loco- 
motive repair shop, blacksmith shop, round house, steel car repair 
shop, paint shop, coach shop, wheel and axle shop, foundry, planing 
mill, store house, power house and a large office. 

The nature of the disease and the large number of men affected 
by it at the shops naturally suggested at once that something used 
in common among the men must have been responsible for the out- 
break. Furthermore, the fact that cases were confined to two 
shops suggested very strongly that the trouble lay therein. These 
two buildings are the locomotive repair shop and the blacksmith 
shop adjoining. The water supply at the shops was naturally first 
suspected as a source of infection and an investigation of it was 
made. 


1 Read before the Illinois Section, March 25, 1920. Further discussions are 
invited and should be sent to the Editor. 
? Assistant Engineer, State Department of Health, Springfield, IIl. 
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Water supply. The shops have a dual water supply. City water 
has been provided throughout them for drinking purposes, this water 
being available at fountains in the buildings. A second supply, 
ordinarily spoken of as the Chicago & Alton supply, has been pro- 
vided for various purposes, including lavatory uses, flushing toilets, 
filling slack tubs in the blacksmith shop and testing locomotive 
boilers under hydrostatic pressure. 

The Bloomington supply is received by the shops from the city 
mains at various points. A 6-inch pipe connects with the Morris 
Avenue main just west of the locomotive shops. A second connec- 
tion from Morris Avenue enters the round house, thence other parts 
of the grounds. Three connections, two of which are 8-inch and 
the other 6-inch, are made along Chestnut Street. A sixth con- 
nection is made by means of an 8-inch pipe at Seminary Avenue 
just north of the shops. Some of these pipe lines are inter-connected 
but have valves provided for shutting off sections of these lines if 
desired. This water supply has normally a pressure of about 60 
pounds. 

The Chicago & Alton supply is normally obtained from what are 
known as the Lee Street Wells, located some distance south of the 
shops. An auxiliary supply has normally been secured from Sugar 
Creek, which passes north of the city, but due to a shortage of water 
here a second supply to be described was later used. 

During the latter part of November, due to a breakdown in the 
water works at Normal, an additional demand was placed on the 
Bloomington water supply. The Bloomington supply was not 
sufficient, however, to furnish the entire abnormal demand, with the 
result that the level of the water in the city’s large storage reservoir 
continued to fall. It was suggested by the water works officials, 
therefore, that the Chicago & Alton shops use as little city water 
as possible and accordingly it was decided to begin pumping water 
from Sugar Creek for industrial purposes at the shops. 

A trip is said to have been made to see whether or not a satisfac- 
tory quantity of water was available in the creek. It was found 
that there was considerable water some distance upstream but 
practically none at the pumping station, which adjoins the Chicago 
& Alton tracks. Work was begun to clean out the stream bed so as 
to bring the water to the pumping station, but this plan was dropped 
before the work was completed and work was begun to tap the Nor- 
mal sewer, which is across the creek from the pumping station. Two 
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lines of 8-inch tile were first laid to carry the flow from the sewer to 

the suction well, but in making the necessary excavation the 33- 
inch Bloomington outlet sewer was uncovered within a few feet of the 
suction well at the pumping station. The work in connection with 
the Normal sewer was thus abandoned and the Bloomington sewer, 
which at this point is a 33-inch iron pipe used for crossing the creek, 
was tapped and its contents, consisting of sewage and creek water 
which had entered farther upstream through faulty joints, were 
pumped into the Chicago & Alton main. Pumping of this sewage 
was begun on November 26. 

Pressure. The Ciricago & Alton supply has two separate pressures. 
The water from the two principal sources is pumped into mains 
connecting into three relatively low tanks. This pressure is pro- 
vided throughout the greater parts of the grounds. For purposes 
of testing and cleaning boilers and also for use on the flue rattler, 
a water supply under very heavy pressure is desirable. Therefore 
pumps have been provided which draw a supply of water from two 
elevated tanks south of the round house and force it into a system of 
mains serving the round house, the locomotive repair shop and the 
flue rattler, which is just north of the locomotive repair shop. These 
mains are inter-connected with the remainder of the Chicago & 
Alton piping but valves are provided for shutting off the high pres- 
sure section from the remainder of the system. That portion of the 
Chicago & Alton supply dependent upon the Chicago & Alton tanks 
for pressure has a pressure probably not exceeding 20 pounds at 
any point. The high pressure supply, on the other hand, varies 
from 120 to 180 pounds. 

Cross-connections. Until recently there had been three connec- 
tions between the city and the Chicago & Alton supply. One of 
these is located just east of the elevated tank on the main line from 
Sugar Creek. A single valve separates the supplies at this point. 
The second connection still existing is found at the power house. 
Here the pipes are so arranged that by means of two valves, city or 
Chicago & Alton water may be drawn for boiler purposes. Neither 
of these connections can normally cause any trouble, as the city 
water pressure is far greater than that afforded by the Chicago & 
Alton tank pressure. But even though this is the usual condition, 
it is quite conceivable how conditions might arise which would 
permit the contamination of the city water in the shops. It was 
stated that these connections were to be done away with immediately. 
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The third connection, which was in the locomotive repair shops, 
had been broken at the time of the author’s visit, but as this con- 
nection doubtless was the cause of the trouble a detailed description 
will be given. 

A pipe receiving its water supply from the Morris Avenue main 
entirely surrounds the locomotive repair shop. From the branch 
passing along the south wall of the building, a 2-inch pipe brings in a 
supply of city water for drinking purposes. Just inside the shop a 
shut off valve and a meter have been placed on the pipe, figure 1. 
From here the pipe passes up towards the ceiling and thence to the 
southeast corner of the building. Here one branch is carried down 
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Fig. 1. Cross-ConnEcTION IN LocoMOTIVE REPAIR SHOP OF MAIN SUPPLYING 
City WATER AND MAIN FILLED WITH SEWAGE 


to the floor, and thence under the ground to the blacksmith shop 
and the store room. The main drinking water pipe, then, passes 
north near the ceiling along the east wall. Here a T has been placed 
in the pipe and a 2-inch connection made on which was placed a 
gate valve, which is connected with the Chicago & Alton supply. 

The Chicago & Alton supply comes into the shop through a 4-inch 
pipe along the east end of the building, passes upward along the wall, 
and thence passes westward to be used for toilet and lavatory pur- 
poses. A 4-inch valve was placed in this line just before it received 
the 2-inch pipe already referred to. 
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Ordinarily the Chicago & Alton supply, which was secured from 
the Lee Street wells, was used for toilet and lavatory purposes. 
Under these conditions the 2-inch valve was closed, and the 4-inch 
valve left open. However, when the creek water and sewage was to 
be pumped, the Chicago & Alton supply was shut off of these places 
by closing the 4-inch valve and the 2-inch valve was opened, thus 
providing city water to the toilets and lavatories in the locomotive 
repair shop. 

Upon first studying the situation it was plainly seen how the 
water in the main locomotive shop was infected. But witha steady 
city pressure on the drinking water line and more or less leakage 
from fixtures, the contamination of the water in the blacksmith 
shop, where a number of cases occurred, did not appear quite so 
simple. Of course, even here with a heavy draught of water the 
flow might be reversed and carried into the blacksmith shop. How- 
ever, it was learned that during January the foreman in the loco- 
motive shop began shutting off the city supply after working hours. 
The pressure would therefore fall to zero, as there were many leaky 
fixtures. 

With the city water shut off, there was a difference of pressure 
between the two sides of the 4-inch valve amounting to the Chicago 
& Alton water pressure here, which was 120 to 180 pounds. The 
4-inch valve, when later examined, was found to leak. It is very 
plain, therefore, that this Chicago & Alton water filled the city 
pipe lines inside the shop every night and doubtless some also found 
its way here during other times. 

It is not known whether or not the shutting off of the city water 
alone caused the outbreak to occur when it did. There is reason to 
believe that infectious matter may have been entering the water, 
at least in the locomotive repair shop, for some time, but if so the 
amount was doubtless less than later entered. There is also a pos- 
sibility that the 4-inch valve had been operated to cause it to leak 
but there was no information to indicate this had occurred. There 
is even a possibility that the valve began to leak only after the city 
water was being shut off nights and the full pressure of the Chicago 
& Alton supply was against the valve. 

The Chicago & Alton officials apparently suspected the cause of 
the trouble soon after the majority of the infections occurred. There 
is reason to believe that this occurred from January 15 to 23. On 
January 23, the 4-inch valve was broken and a blind gasket placed 
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at a joint in the pipe. The danger apparently was removed on this 
date, but on February 6, for some unknown reason, this blind gasket 
was again removed. Some hours afterwards, however, the connec- 
tion was severed by taking out an elbow in the 4-inch pipe. Whether 
or not any infection resulted during the short period on February 6, 
when the blind gasket was removed and the connection broken, 
can not be stated, but probably this did not result seriously as the 
connections with the sewer had been broken on January 27. 

The fact that the store room adjoining the locomotive shops and 
the kitchen in connection with a bunk house camp, where water 
from the same pipes was furnished, had few or no cases at first 
appeared difficult to explain. Investigation showed, however, that 
at both of these places drinking water was brought from other 
sources. Water for the store room was brought from the coach 
yard and water used for drinking at the bunk house was carried from 
a nearby well. A single faucet in the kitchen had the city water, 
but here practically all was used for cooking and culinary purposes. 

The situation at Bloomington is only one more reminder of the 
dangers of permitting connections between two water supplies, one 
of which is of safe quality and the other unsafe or questionable. 
Several Illinois cities have already paid dearly for their experience 
along these lines, and no time should be lost by such others as are 
similarly situated to have such connections removed. 


DISCUSSION 


Epwarp Bartow: Perhaps many of those present do not know 
how serious the epidemic in Bloomington has been. If the speaker 
recalls the figures rightly there have been over 30 deaths traced 
to the pollution. Safety is evidently a matter of cutting off all sup- 
plies from suspected sources from the city water supply. Rules 
have been laid down to that effect. Practically all of the epidemics 
that have occurred in Illinois have been due to some cross connection 
of this kind. 


C. C. WituraMs: As superintendent of the Bloomington water 
Works, the speaker is present to listen rather than have anything 
tosay. Theauthor has covered the situation fully. Prior to this out- 
break, the city had ordered the Chicago & Alton Railroad to carry 
its supply pipes from the city mains to the top of its gravity tanks, so 


i 
i 


q 
4 
4 1s 
q 
if 
> 
| 
| 
| 
| 


566 DISCUSSION 


that in the event the city pressure would be off the tank water could 
not flow into the city mains. This has not been done because of 
inability to get the materials. 


M. C. Ssoptom: The author intended to include in his report the 
number of deaths. There were between 300 and 400 cases of dysen- 
tery, about 130 cases of typhoid and 15 deaths of typhoid. 


Mr. BarBer: While the sewage, especially during the earlier days 
it was pumped, was somewhat diluted, later, perhaps during the last 
30 days, it was very little diluted. The sewage which was pumped 
came from an area of one square mile of fairly well populated dis- 
trict. It came from about 10 miles of street sewers. That drain- 
age district extends clear across the side of the city, from the north- 
west to the southeast corner of Bloomington. 


LANGDON PrarseE: It may be of interest to the water works men 
present at this meeting from Indiana as well as Illinois, to point 
out that such conditions of dual water supply exist in many of the 
plants in the southern portion of Chicago as well as in the various 
steel mills and other factories in Lake County, Indiana. In the 
steel mills it is particularly necessary to have large volumes of 
water for cooling purposes. Inasmuch as the plant sewage often is 
discharged into the lake or river near the intake, the most available 
large supply is often polluted. 

As a concrete illustration, the Health Department of Chicago, 
under Dr. Robertson, has given particular attention to weeding out 
typhoid and has undoubtedly done much to cut the typhoid death 
rate in Chicago to a figure lower than that for any other large city 
in the United States. In this crusade attention has been paid to 
very minute detail. As an illustration, during the war, Dr. Bun- 
desen, the typhoid expert of the Health Department, asked the 
speaker to go down with him to the American Steel Foundry Plant 
at Indiana Harbor. On the way he said that twenty cases of typhoid 
had been reported in Chicago, which, by their record, were men who 
worked in the steel plant at Indiana Harbor. On arriving at the 
foundry it was found that the officials were thoroughly conversant 
with the facts and had acted very promptly to curtail further trouble. 

This plant had three sources of water supply. The main source 
for cooling purposes was from the Calumet River. The intake was 
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located 100 feet from the sewer of the plant. The water was conse- 
quently badly polluted. The drinking water supply of the plant 
was from a deep well, which had been cross-connected through a 
check and gate valve, with the cooling water supply. A third 
source of supply was from the city mains, consisting of chlorinated 
Lake Michigan water. This supply was seldom used except in emer- 
gencies. What had happened was that the polluted water from the 
river during times of low pressure had been passing directly into the 
elevated tank supplied by the well, and had been sent generally 
throughout the plant for drinking purposes. Upon the outbreak 
of the typhoid, the connection was promptly cut and steps taken to 
localize the infection. 

The speaker has suspected for a long time that these dual sources 
of water supply in the industrial plants in the Calumet River district, 
particularly where badly polluted water is used for the larger and 
more available supply, is a very potent factor in keeping alive the 
typhoid fever death rate in the towns of Lake County. 


C. A. JENNINGS: Supplementing the remarks of Mr. Pearse, the 
speaker would say that he has been in touch with some of the large 
corporations in the industrial district south of Chicago, and at least 
one of these will install chlorine apparatus for disinfecting their in- 
dustrial water supply, even though the daily cost for chlorine will be 
about $50. The amount of water pumped is between 150,000,000 
and 175,000,000 gallons per day. The source of the supply is from 
a slip into which boats come for unloading. The sewage from this 
plant goes into the slip a distance of about 100 feet from the water 
intake. 

This water is not supposed to be used for drinking purposes and the 
company has placed signs at convenient places throughout the plant 
warning the men not to drink the water. Where there are several 
thousand employees and practically all nationalities are represented, 
it is difficult to have signs that all can understand and, furthermore, 
many cannot read even in their own language. Personal instruc- 
tion has been resorted to, but when a man is thirsty, he may drink 
anything that looks like water and which is likely to quench his 
thirst. 

The chief surgeon has recommended that this water be chlorinated 
to render it innocuous. Then if some employee drinks the water, 
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he will not be rendered sick by doing so. The Americal Steel 
Foundries adopted this treatment some time ago, following an epi- 
demic of sickness among its employees, and the Universal Portland 
Cement Company has decided to do the same thing as a precautionary 
health measure. 


\ 
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THE BENEFITS OF THE APPLICATION OF CHEMISTRY 
TO THE OPERATION OF A SMALL FILTER PLANT! 


By KENNETH 


One of the water utilities owned and operated by the Central 
Illinois Public Service Company is located at Harrisburg, Illinois, 
and includes a mechanical filtration plant of 1,000,000 gallons daily 
capacity. Although the raw water at this plant is very difficult 
to purify, no remarkable problems have been experienced nor have 
any new ideas of filter plant operation been developed. Only the 
tried methods of directing purification by laboratory tests have 
been followed. Since laboratory work is not applied rigidly, if at 
all, in many filter plants of this size, a comparison of the results 
obtained before and after the institution of this work as an aid to 
operation may be interesting to superintendents directing other 
small filter plants. 

The Harrisburg plant was built in 1915. Although it is poorly 
arranged, none of the poor results obtained can be attributed to the 
type of the plant or its arrangement, except in so far as a poorly 
arranged plant is conducive to neglectful operation. But since the 
water is especially difficult to purify, and the operators have been 
men of no technical education, and no means of chemical control 
were provided, it is not surprising that, prior to the fall of 1919, 
the results were discouraging. The raw water is pumped from the 
Middle Fork Saline River, which is a small stream carrying the 
mine wastes of the coal mines of that district. Except during flood 
seasons, the water is very hard, high in sulphates, and often contains 
free acid. 

Early in 1919 it was determined to secure satisfactory purification 
of this water if possible with reasonable effort. An inspection 
showed that there were no means of accurately determining either 
the total pumpage or the amount of chemicals applied. Much 


1Read before the Illinois Section, March 25, 1920. Discussions are request- 
ed and should be sent to the Editor. 

Chemical Engineer, Central Illinois Public Service Company, Mattoon, 
Ill. 
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alum and some lime were used as coagulants. The lime was applied 
in suspension, but was agitated in the tanks only at intervals and 
by hand, so that the actual dosage was very irregular. No labora- 
tory tests were made whereby the amounts and proportions of 
coagulants could be determined. The operator used his own judg- 
ment as to the addition of the coagulants necessary to clear up the 
water. Consequently, the water was not always cleared. Most of 
the turbidity was removed, but the nature of the water is such 
that there was often a very difficultly removed residual turbidity 
which gave the appearance of a colloidal solution. The amount of 
alum used was excessive, and rendered the water unfit for launder- 
ing without softening. It also increased the natural tendency of 
the water to corrode pipes, meters, and fixtures. If one attempted 
to wash his hands in the water during almost any period between 
flood and low water when both the turbidity and concentration of 
mine wastes were fairly high, the excess alum would coagulate with 
the soap, forming a sticky film, which, when dry, produced a very 
harsh and most unpleasant feeling. The corrosive properties of 
the water caused much pump trouble, and large losses through dead 
meters and leaky fixtures. Since poor success tends to neglect 
rather than care, frequent interruptions occurred for various reasons, 
all fundamentally due to carelessness. 

After thorough inspection of conditions at the plant, it was de- 
cided to extend the practices of large scale operation to this small 
plant as far as possible, especially with regard to recording operating 
conditions by means of laboratory tests. 

An electrically driven stirring apparatus was arranged to agi- 
tate the lime solution so that the dosage would be regular. Depth 
gages were placed on all solution tanks. A recording depth gage 
was provided to measure the raw water flowing over a weir into the 
plant. The laboratory, which had been built in the plant, was 
equipped for making tests of turbidity, color, alkalinity, free carbon 
dioxide, and chlorides, bacterial agar counts, and gas former tests. 
The chief operator of the plant was instructed in the manipulation, 
purpose, and interpretation of the tests as set forth in a set of spe- 
cially prepared, detailed instructions. Standard solutions and bac- 
terial media were shipped to Harrisburg from the laboratory of the 
company’s Lawrenceville plant. It was later found more conve- 
nient to have the Harrisburg operator prepare his own media. He 
has been able to interpret intelligently the results of the laboratory 
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tests, and he attributes his success in improving the quality of the 
filtered water largely to the information they have furnished. 

Charts showing the relation of turbidity to the amount of alum 
necessary for purification were found very useful in determining the 
dosage of alum. The dosage of lime is regulated by the alkalinity 
of the raw water, and the amount of alum applied. 

The water is still rather hard, but not so much so as to be very 
objectionable. The laboratory work has shown the operators what 
an interesting process water purification is, and has made the opera- 
tion of the plant sufficiently interesting to them so that it no longer 
seems a hardship to be constantly alert. 

The changes in operating methods and means of controlling and 
recording the purification processes, as mentioned, have been in 
full force only since last September, so that it is not possible to say 
that the difficulties of the summer season, when the mine wastes 
furnish practically the only flow in the stream, have been overcome. 
Yet the nature of the impurities is the same throughout the year, 
only modified in the different seasons, and the improvement in the 
quality of the filtered water of last winter over that of previous 
winters has been so encouraging that there is little doubt that 
proper attention to the tests and vigilant operation according to 
their results, such as is now practiced, will successfully purify the 
water which flows through the creek in any season. 

In the large plant, close chemical control is obviously a necessity, 
because it not only insures the continuous production of water of a 
good physical and sanitary quality, but also effects an appreciable 
financial saving by reducing to a minimum the amounts of coagu- 
lants and sterilizing agent applied, and affords an accurate record of 
production, which is as necessary to a successful water supply 
business as to any other manufacturing enterprise. In the small 
plant, treating 1,000,000 gallons or less daily, these several advan- 
tages of chemical control are not, theoretically, of sufficient impor- 
tance to warrant additional investment in equipment and super- 
vision necessary for daily chemical and bacteriological examinations. 
The experience with the Harrisburg plant, however, has convinced 
the company that there are other losses than the wasting of a few 
pounds of chemicals per day, losses due to irregularities of plant 
operation, which might be eliminated by laboratory control and 
which accumulate rapidly enough to waste the price of a laboratory 
in a very short time. 
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COOPERATIVE RESEARCH IN PROBLEMS OF WATER 
PURIFICATION! 


By ABEL WoLMAN? 


To the practical water works man, ‘“‘research’’ frequently con- 
notes investigative effort directed into abstract fields to develop 
scientific axioms. The publication of such material is haled with 
delight by bespectacled and ethereal scientists and with suspicion 
and perplexity by those upon whom rests the duty of converting 
unpalatable mud into the clear and sparkling elixir of life. To 
present a paper, therefore, upon a subject which combines in it the 
scientific and the practical, it is necessary to demonstrate that 
research of highly specialized and scientific character is necessary in 
problems of water purification and that codperative rather than 
individualistic investigative effort should be the desideratum. The 
first of these hypotheses should concern more particularly the man 
in the works upon whom rests the responsibility of adopting the 
scientific methods and of absorbing the new truths which the inves- 
tigator discloses. To the experimenter the second problem is of 
interest. In it the distinction between isolated and concerted attack 
upon the unsolved problems of science is made clear. It is the 
present purpose to outline in brief these two phases of codperative 
research in problems of water purification. For purposes of clarity, 
however, the second phase will be discussed before the first. 


COOPERATIVE VERSUS INDIVIDUALISTIC RESEARCH 


Scientific investigation in the field of water purification has pro- 
gressed for a number of decades, but it may be stated with safety 
that during this entire period the study of problems has been, for 
the most part, intermittent, sporadic and disconnected. The devel- 
opment of data has been the result of local efforts in the laboratories 


1 Read before the Montreal Convention June 24, 1920. Discussion is re- 
quested and should be sent to the Editor. 
? Division Engineer, Maryland Department of Health. 
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of individual colleges, states, municipalities, or private corporations. 
What codperation has existed has been localized and not national. 
Dr. Burton E. Livingston of the Johns Hopkins University describes 
this situation in excellent terms when he states: “there appear to be 
a large number of good experimenters who do not have well-selected 
problems in mind, who work on that which lies close to them rather 
than on that which seems to be most fundamental, most far-reach- 
ing or most imperatively needed for the growing structure of knowl- 
edge.’’ 

The history of individualistic research effort in water purification, 
as in a number of allied fields, has been that of ‘‘a kind of guerilla 
warfare upon the unknown.’? While such warfare may result in 
temporary victories over isolated problems, in intermittent elimina- 
tions of difficulties in one place, it never produces a complete sur- 
render of natural opposing forces to the control of man. The solu- 
tion of the problem of chlorinating the St. Lawrence River water, 
for instance, while of immediate value, is of but little aid in solving 
the general problem of chlorination of waters, unless the methods, 
conclusions and conditions of the first problem are subjected to the 
composite scrutiny and checking of codéperative workers elsewhere. 
It is true, no doubt, that under present conditions the individual 
scientists find it difficult practically to choose arbitrarily that line 
of study which seems to promise more remote but more valuable 
results, while the material at hand has the attractiveness of immedi- 
ate practical application, if only to the restricted field with which he 
is familiar. Every problem will be solved, however, more satis- 
factorily and more permanently if the attack is made from many 
viewpoints, under different conditions, and by various investiga- 
tors. ‘The personal stressing of unimportant aspects, the individual 
errors, the apparent but unreal significance of local characteristics, 
and the restricted mental conception of a problem, are all likely to 
be eliminated or reduced by coéperative research, with the ultimate 
production of a sounder and a more accurate series of scientific 
observations and conclusions. 

It seems hardly necessary to emphasize the abstract desirability 
of solving the problems of water purification by a more constructive 
system of codperative effort than now exists. It is of value, how- 
ever, to direct the attention of the members to the fact that this 


’ Livingston, Burton E., Constructive Scientific Research by Coéperation, 
Science, March 19, 1920. 
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organization may serve as an excellent medium through which to 
inaugurate a comprehensive system of codperation. In this manner, 
we may do much to advance scientific knowledge and its practical 
application. It has been pointed out that codperation in research 
involves ‘“‘the union of a number of minds in planning the attack 
on a problem, in working out the different parts, and in bringing 
the several component results together into a well-considered pres- 
entation that might really mark a tangible advance in scientific 
knowledge.’”* These various functions the American Water Works 
Association can and should perform. It should not be a difficult 
matter to supply that “union of minds” to plan the attack on a 
series of problems by the proper organization of a research com- 
mittee. To subcommittees in turn may be delegated the further 
task of ‘‘working out the different parts and bringing together the 
several component results.’ It is these functions of codrdination 
and initiation in coéperative research which the author wishes to 
suggest to this body. As far as he is aware, no other organization 
is at present so well suited to undertake its development and no 
other has yet deemed it desirable to assume this responsibility. 
The intention is to indicate the desirability of this Society fostering 
actively the principle of codperative research. The specific mode 
of action of such a research committee and the possibilities of its 
coéperation with other organizations, such as the National Research 
Council, are simply matters of detail. 

Granting the abstract desirability of developing such coéperation, 
what are some of the problems which today remain to be solved? 
Although considerable advance in the practical methods of water 
purification has taken place in the United States, may we state 
definitely that the fundamental laws of coagulation, filtration and 
chlorination are accurately known? If so, are these laws applied 
in every-day operation? Some of us, perhaps, are not so sanguine 
about our complete understanding of the processes involved in the 
above mechanisms of purification. An opportunity to engage in a 
coéperative attack upon such problems will be welcomed. In order 
to make clear some of these unsolved difficulties, the second portion 
of this paper is devoted to a brief survey of a few of the possible 
fruitful sources of investigative work. These possibilities doubtless 
are already known to most of the members, but summarizing them 
in this connection may make more apparent the necessity for the 
plan which this discussion has set forth. 
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SOME UNSOLVED PROBLEMS IN WATER PURIFICATION 


a. Coagulation and sedimentation. The factors determining effec- 
tive coagulation and sedimentation of waters differ in degree with 
different waters, but their characteristics in general are the same, 
regardless of the nature of the water. The effects of time, tempera- 
ture, agitation, and hydrogen-ion concentration upon coagulation 
have been studied only superficially. The material for such study 
has been accumulated in a number of different fields in allied sciences, 
but has not yet been adapted to water purification problems. It is 
stated often, for example, that the formation of satisfactory floc 
is retarded by low temperature and by inadequate agitation, yet 
how many plants observe and record the nature of the floc pro- 
duced each day, so as to provide the material for correlated study of 
its variations with other characteristics of the water during an 
entire year? Isolated observations of inadequate floc formation 
which are roughly and often fallaciously connected with tempera- 
tures aid little in pointing out fundamental principles. An ade- 
quate measure or series of measures of the characteristics of floc 
offers an excellent research problem, the solution of which would 
aid considerably in the studies of water works control. 

The measurement of floc formation in its various aspects, how- 
ever, should be preceded by a study of the raw waters with a view 
to determining a more accurate and satisfactory method of appor- 
tioning coagulant to raw water to obtain satisfactory coagulation. 
The usual method of turbidity reading, with adjustments for rising, 
falling, constant, fine, medium, and coarse turbidities, leaves much 
to be desired, particularly when frequently the actual procedure 
results in abandoning all methods other than adding chemical until 
the coagulation becomes satisfactory. These methods are neces- 
sarily wasteful, since for each water there exists a critical concen- 
tration of coagulation which is most effective and economical. Can 
we not devise a satisfactory index to the “coagulant demand” of a 
water by a simple test? When it is borne in mind that the floccu- 
lation of waters is dependent upon the nature and amount of fine 
particles present, it would appear that the search for such a measure 
should be in the field of colloid chemistry. It is suggested that 
perhaps the use of a nephelometer, an instrument measuring the 
cloudiness of a water, may be developed to study the character of a 
water after a very brief period of settling when the coarse material 
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of low “‘coagulant demand” has been removed. It would be inter- 
esting to learn what such “‘post-settling” turbidity readings would 
disclose as to proper chemical dosage. An experimental quantita- 
tive study of the “coagulant demand” of the various sizes of par- 
ticles in the same water should prove interesting and valuable. 

Another phase of the coagulation problem which has taken on an 
importance in recent years is the effect of the varying hydrogen-ion 
concentration upon flocculation. There appears to be an optimum 
range of P, within which the coagulation proceeds most satis- 
factorily. Water works operators and investigators should begin 
to accumulate complete data regarding the P,, values of different 
waters in the country under all conditions. In Maryland the State 
Department of Health has been making, for several months, deter- 
minations of hydrogen-ion concentration on all waters and has 
instituted these tests as a daily procedure in several large filtration 
plants. It is too early to predict the results of these studies, but, at 
any rate, material should be collected to determine the importance 
of this characteristic. 

The study of sedimentation problems in the light of recent devel- 
opments in physical chemistry may require some modifications in 
our older concepts. The effect of electrolytes, of competing and 
protective colloids, of surface tension and osmotic pressure are of 
more than purely scientific interest. Recent work has demon- 
strated, for instance, that the Brownian movement is observed with 
practically every type of clay suspended in water, varying from the 
rapid motion of the finest particles to the more sluggish one of the 
larger particles or aggregates or when hampered by the presence of 
electrolytes.* An extended journey into the field of physical chem- 
istry promises an excellent return to the water supply investigator. 

b. Filtration. The internal forces within a sand filter bed are of 
greater magnitude than is generally realized. Experience in Mary- 
land with a number of peculiar phenomena in filter beds has dis- 
closed a startling variety of forces released in filter beds, which 
appear to be intimately connected with the character of sand and of 
applied water. The appearance of internal contraction in a sand 
bed of such strength that the surface area of the bed may be reduced 
by more than 5 per cent of its original area is of importance in call- 
ing attention to the unsolved problems concealed within the bed. 


4 Alexander, Jerome, quoted in ‘‘Ceramic Processes Associated with Col- 
loid Phenomena,”’ by A. V. Bleininger, Journal of Industrial and Engineering 
Chemistry, Vol. 12, No. 5, May, 1920. 
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If we consider the whole principle of filtration as founded upon 
‘‘a sort of instability, both chemical and biological (and physical 
—A. W.), in the behavior of matter in solution or in suspension, - 
when spread out in thin films over surfaces, or flowing in fine fila- 
ments through interstitial capillaries of constantly varying cross- 
section,’’®> we obtain some idea of the intricacy of the problems. 
That these problems are of more than academic interest hasbeen 
clearly demonstrated in the difficulties encountered in the shrinkage 
of sand beds, in their selective action upon bacteria, in the adsorp- 
tion of materials in water softening plants, in the sudden discharge 
of slugs of chlorine taste where chlorine is applied before filtration, 
and in many other phenomena. The researches of Dunbar® and 
Baldwin-Wiseman® on the variations of surface tension within a 
sand bed and their conclusion that the elimination of adissolved 
salt by filtration is inversely proportional to the degree of concen- 
tration of the solution mark only the beginnings of the studies on 
internal forces. The work of the Maryland State Department of 
Health on the varying adsorptive capacities of different sands and 
Hannan’s observations® on the effect of surface electrical charges of 
sands and of bacteria indicate the promising possibilities of more 
research in filtration. 

c. Chlorination. Sanitarians have established definitely that water 
may be made safe for potable purposes by chlorination. The water 
works official, however, must go a step further. He must make the 
water potable in addition to safe. If the water is unpalatable and 
objectionable because of tastes and odors, then the problem of 
chlorination may not be considered as solved. It is only a few years 
since the conception of the mechanism of chlorine treatment has 
undergone some modification from the simple hypothesis of direct 
oxidation. But in this comparatively short period, a series of 
questions has arisen which is still imperfectly answered. 

In this field again we must have recourse to highly technical 
investigations to aid us in clarifying our concepts of chlorination 
processes and in controlling their operation. Even today it is 
difficult to answer definitely whether the action of chlorine is phys- 
ical, physico-chemical, or chemical, whether its action is selective 
for different types of bacteria and, if so, what the causes for such 


5 Baldwin-Wiseman, W. K., Statistical and Experimental Data on Filtra- 
tion, Proc. Inst. C. E., Vol. CLXXXI, 1909-10. 
6 Personal communication. 
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selection are. The action of other disinfectants is elective and their 
toxicity is dependent upon their position in definite ionic series and 
upon the characteristics of the different bacteria, such as their 
response to Gram stain. The surface character of different classes 
of bacteria shows a marked influence upon their behavior under 
different conditions. 

Where we attempt to treat raw waters of complex organic and 
inorganic content, our present methods of control are entirely 
empirical and not infrequently unsuccessful. The causes of tastes 
with low doses and the absence of tastes, at times, with excessive 
doses of chlorine are still in the category of the unknown. It is not 
a solution of the difficulty to state that tastes and odors may be 
prevented by proper regulation of applied chemical, for the terms 
“proper regulation” are indeed broad in interpretation. Proper 
chlorination control, on the contrary, would seem to be possible of 
attainment only after a complete understanding of the details of 
the complex disinfection processes has been reached. May we not 
call upon this Association to take the lead in the initiation of these 
studies? 


4 
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EXPERIENCES WITH ICE IN STANDPIPES! 


By Leonarp METCALF” 


Some time ago the author was confronted with the question as to 
whether it was necessary or not to house standpipes in northern 
New York, under certain conditions of exposure and circulation, in 
order to maintain satisfactory service without dangerous risk from 
the effect of the formation of ice in them. The housing of the 
standpipe bade fair to nearly double its cost, and the tremendous 
increase in the cost of water works construction of al! kinds, par- 
ticularly of steel structures, made it necessary to save expense in 
every desirable way. 

It was thought that past experience with such structures in the 
northern United States and in southern Canada might furnish an 
answer to some of the important practical questions involved, and 
aid in reaching a sound conclusion. Therefore a questionnaire was 
sent out (February 18, 1920) to about 300 northern water works 
having standpipes, relative to their past experiences in operating 
them during the cold winter months. The response of the superin- 
tendents to this questionnaire has been so prompt and courteous, 
and the experience outlined is so suggestive, that the author has 
thought it desirable to bring the assembled information before the 
water works fraternity, for the convenience of these men, and other 
superintendents and engineers who may be interested in the sub- 
ject, in the form of a permanent record available to all. 

The replies received have been classified in the accompanying 
tables in three groups under two main classes as follows: 


Group Ia. Ground water supplies with encased standpipes 

4 Group Ib. Ground water supplies with roofed standpipes 
Group Ic. Ground water supplies with uncovered standpipes 
Group IIa. Surface water supplies with encased standpipes 
Group IIb. Surface water supplies with roofed standpipes 
Group IIc. Surface water supplies with uncovered standpipes 


a 1 Discussions of this paper are desired and should be sent to the Editor. 
2 Of Metcalf & Eddy, Consulting Engineers, 14 Beacon Street, Boston, 


Mass. 
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It is to be noted unfortunately that the question as to whether 
the supplies were drawn from the ground or from the surface, was 
inadvertently omitted from the questionnaire, and that lacking time 
to recanvass the situation, this information was drawn from the 
““McGraw Water Works Directory” (1915). 

The reasons for the grouping adopted are obvious. Ground 
water is generally more equable in temperature, colder in summer 
and warmer in winter, than is water obtained from surface sources. 
The three groups, ‘encased,’ ‘‘roofed’’ and ‘‘uncovered,’’ were 
thought likely to differentiate the effect of covering the standpipe. 

One hundred and twenty-seven replies were received, falling 
within the following groups: 


Group Ia. Ground water with encased standpipes.......... 5 
Group Ib. Ground water with roofed standpipes........... 39 
Group Ic. Ground water with uncovered standpipes........ 


Total ground water supplies 


Group IIa. Surface water with encased standpipes......... 9 
Group IIb. Surface water with roofed standpipes........... 11 
Group IIc. Surface water with uncovered standpipes....... 40 


Total surface water supplies 


Grond total replies received...) 127 
SUPPLEMENTARY INFORMATION SUBMITTED WITH REPLIES TO THE 
QUESTIONNAIRES 


Long Beach Water, Company, New York; L. W. F. Carstein, Manager. In 
general our experience leads us to infer that heavy ice formations will occur 
within the standpipe. The tumbling of ice is frequently heard. It would seem 
that with the constant lowering and raising of the water level, together with 
occasional thaws, the ice formation cracks and breaks up and tumbles to a 
lowered water level. No damage or annoyance, however, has been experienced 
therefrom. The writer would expect to find by actual observation, that a 
heavier ice formation would be found on the north and westerly exposure 
than on the southern exposure, owing to the prevailing northwesterly winds, 
and again to the moderating action of the sun’s rays during the total period 
of sunlight. 
Winchester Water Commission, Massachusetts; William T. Dotten, Superin- 
tendent. We have two (standpipes). One concrete, built about 8 or 10 years 
Ice forms on the walls or sides from 12 to 15 inches. In cold 
winter five or six years ago we opened in May the manhole at the bottom and 
removed (estimated) 60 tons of ice. It was a foot thick on the north walls 


3 Later information indicates that certain of the supplies in groups 1A, 
1B and 1C should be classified rather as surface waters. 
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METCALF & EDDY 
EXPERIENCES WITH ICE IN STA 
BOSTON - MASS. ; 
DATA OBTAINED BY METCALF & Envy, Fe8.-Mar. /920 FROM AND BY THE COURTESY OF 
Material of On ground, Kind of Encasing 
Place Authority Construction § aren [Lecation| roof fewer’ 
GRouP IA. GROUND WATER SUPPLIES WITH ENCA 
1. WEYBURN, SASK. Jas. Scholes, Supt.\ 1910) Steel . 20 | 8 | Coner: fah. Exposed | Wood (9) No | Me | leryiitti 
2 Ossinine, N.Y. Jas Bedell, Supt | 1869 24 | 30 | Ground Exposed | /ront (i) No | No| None 
35. Ossinne. N.Y Jas. Bedell, Supt. | 1909) Reinf. Coacrete 26.5, 55 |\Ground Exposed| Concrete (2) No | No 
4. Round LAKE, N.Y. Wilmot. 1890| Wooden 25 | 15 | StoneWall| | In Trees | Wood Tin (3) No | 
5. NorTH BATTLEFORD, SASK. | MD,Caadwell, Supt:| 1909| Steel 20 | & |Ground Exposed (4) No | No| 
GROUP IB. GROUND WATER SUPPLIES WITH ROOFED 
J. Newaeo, 6M.Burner, Sypt| 1913 20| \Tower | astt.| in No 
2. BeLoine, Micu. PA. Frederick, Supt| 1905| Steel 20.| 58 None No | No 
3. Duxaury, Mass. LM. Peterson, 1914\ Concrete | 40|35 |Ground | 30f¢. Coner.Dome No | No 
4. FERGUS , ONT. Water Dept. 1912) Steel 19 | 2t |Tower | 90ft. | Exposed!) Jron None 
5. CHERRY Wafer Dist 1910| Concrete | 40 | |Ground Exposed No | 
6. Wis. (MASS. | Water Dept. 1900| Stee! 20436 88 | Brick base| 59 ft. | Exposed Stee! No 
7. LANSING, MicH. Water Depr. 1665) Steel 18 | 152 |Ground Ex Wooden No | Not p 
8. MUSKEGON HEIGHTS, Mich 46.Cokes.Cii 1908| Stee! 16 | 125 |\Ground in Open | Sheet Metal No 
9. Cass LAKE, Micx. | 1910| Steel 20| 30|\Tower | | Exposed'| Metal RiserEncased| No | No| 6-8 
Jo. WrentHam, Mass. 1907) Steel 30 | 50 |Ground Exposed) Steel No 
MiForD, MAss. Supt | 1912 | Steel 24 | 30 |Ground Exposed) Stee! No| Do 
12. WINCHESTER , MASS. W.T.Doten, Supt. | 1910) Concrete | 27 | 40 . Conical None | , 
1% PLAINVILLE MASS. Water Dept. 1908 | Steel 25 | 67 | Cement ln Trees | Steel None | 
4. UBLy, MicH. Water Dept. 1913| Steel 20| 30|\Tower | Exposed ron _,| Riser Encased No 
15. BROOKLINE , Mass. Water Dept: 1889) Wrought ron | 50 | 30 | Ground No | Non 
16. READING , MAss. 1890) Wrought ron} 30 | 100 | Ground ical No | No 
17. AMENIA, N.Y. Dept. 1891 | Wooden 24 | 24 | Ground 
18. BEDFoRD, MAss. GMDimond, Supt: | 1908) Stee! 20 | wo No | | Sa 
19. MARSHALL, MASS. P.S.Joy, Supt: Steel 20 | 100 No| None 
20. FRAMINGHAM, MASs. Water Dept. 1998) Steel 40 | 81 | Ground No 
21. BALDWINSVILLE, N.Y Esra Cole, Supt | Wroughtton | 20 | 50 | Ground No 
22. ORILLIA, ONT. Water Dept. 1900\ Wooden 18 | 20 | Brick Tower Ab | No| None 
23 Barre CREEK, Mich. ~ | Water Dept. 1867| Wrought han| 18 | 78 | Terrace No | 20-46 
RIVERHEAD, N.Y. Water Dept. 1918! Steel Tower 2" 
25. ASHLAND, Mass. Water Dept: 1911 | Concrete | 40| | Ground No 
26. NorTH ATTLEBORO, MASS. | Water Deot: 1884) Wrought 40 | 60 | Ground No | No 
27 MATTAPOISETT, MASS. Water Dept: 1913 | Steé! 2 | 90 | Ground No 
26. SauGATUCK , Micu. Water Dept: 1900\ Concrete Ground No | No 
29. BARNESVILLE, MINN. HH Pleroe, Supt: | 1908) Steel 25 | 105 | Tower No | 
30, Lone BEACH, N.Y. Stee! 34 | 150 | Concrete fi Probably| No 
31. MANCHESTER-B8Y-THE- SEA, |GF Evans, Supt. | 1909| Concrete | 50 | 72 |Ground No 
32 Lirr.eTon, Mass. (MASS. | Water Dept: 1911 | Steel 35 | 40 | Ground No 
33 CLOgUET, MINN. Water Dept: 1908\ Steel | 24| 28 | NO 
34 LAKE GENEVA, MicH. 1090 | Wooden | 20| 38 No 
MASS.\T.Chaffin, Su; 1916 | Steel 20, No | 
37. ELMIRA, O Water 1908 | No | No 
36. BANGOR, Mien. Water Dept 1893 | Stee! 20 No 
39. SPENCERPORT.. N.Y. Dept. Steel |e 26 No 
G. WITH 
1. Borne City, Micn. |. HH Tinker, 86 | 06 
2. Borne City , Micu. 2 AH. Tinker, Concrete 50 | 160 No 
3. Borne Crry Mich..3. Tinker, Supt: 30 | 60 No 
4 New , N.Y. FT Kemble, Supt: | 1095 | Steel 60 | 60 No 
5. SHARON, Mass. Farnham, Spt | 1665 | Wrought | 20 | g0 None No 
6, LocxPort. N.Y. Water Dept: 1909 | Steel 25 | 126 None No 
7. ITYVILLE, N.Y. Water Dept. 1093 | Wrougttt-iren | 20 | 125 None No 
8. SPENCER , MASS. Water Dépt: 1899 | Steéi 40 | 39 None ho 
9. BRAINTREE . MASS. |W.L. Gage. 1887 | Wrought rent 40 | 100 None No 
10. CORTLAND . N.Y. Water Dept: | ingot 60 | 50 None No 
i. TisBury Mass Supt. | /885)\ Wrought on | 20 | 50 None NO 
#2 WoncorT, N.Y. tpt 1912 | Steel | None No | 60-96) 
13. ANN ARBOR, Spokes, Supt | 1916 | Steel 60 None Yes 
44. Movawk , N.Y. Water Dept: 1890 | Stee! 50 None No 
4. MANISTEE , Mice. Water Dept. 12 | Steel 45 | None No | Always 
36. BROOKLYN, NY. FLATBUSH WW.C0.\EH.Lott, Supt | 1681 | Steel 20 | 0 None No 
17. Nantucxet, Mass. Wamacomet WO. | 1908-03 Steel 30 | 80 |Ground Exposed | None vone No| 
18. KALISPELL MONT. WHLanrence, | 1892 | Steel 25 | 50 | Concrete fan Sheltered | None No 
19. Ripon, Wis. Cent: WisLiilities | 1895 15 | 100 Ground In Qpen | None None No 
Wis. B.BMaif ford, Supt: | 1687 35 | 40 |\Ground | 128 | In Open | None None 
WINCHESTER, Mass WTDoten, Supt: | 1898 | Steel 40 | % |\Ledge | In Trees | None None No 
BARABOA, Wis. Water Dept. 1888 | Sfeel 30°| SS | Ground Exposed | None None % 
23. FRANKLIN, MASS. FADarling, Supt. | 1889 | lron 37 | 80 | Ground Exposed | None None No 
8"Brick tower between wall and tank. (2) Rubble wall 2'9" thick at base; top; 12" air space Masonry Filled in with hay 
stove, with fire ternperahure is below zero. (©) Small radiator in bettem of standpipe oll witter. (0 kerose 
(9) Lumber with 27% air space. ong dat 30% of whale. 


* Later information indicates that certain of the supplies in Groups 1A, 1B and 1C should be clas 
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IN STANDPIP 


2 BY THE COURTESY OF THE WATER WorRKS SUPERINTENDENTS. 


ES 


Thickness of ice | Thickness of ice in 
9 z Mas suthe gk 
On top |On ‘inside| On top |\0n inside Bk KEE 
of shel! | of water| of shell 3 ® 
ted 
wITH ENCASED STANDPIPES.* 
No | tay | None | Sorkss | None | | | No 
No | No} None | None 4° |Wever | No | No. Water Jevel kept fluctuating. 
No | No | More ie thanin /; le 
No No| Ye" | None | | None | No No. Water hettted to 60-70 degrees. Ves, ateoksbly 
IES WITH ROOFED STANDPIPES * 
No No | No | No. Spring water; never freezes No 
No | No No ice troubles; well 
No No No | No No 
No No No | No No 
No | No No No | Never noticed. Noseon stanapipe Feb.24. 
No * Do not know No | No | No No 
No | Not perceptible | 
No Never have ice No No | No No 
rsed| No | No| 6° 8" Not much No | No | No No 
No data, | | No | No | No No 
No| Donothnow | 33 (Ma:4,/920) 8" No | No No 
No 7°15 | No | No | Leaks badlydue fe poor construction. | No 
No | No| 37-12" No | No | No No 
sed No Very little Not measured | No No | No No 
No No e No ice ever forms. 
No | No 12° No | No | 1893 ladder torn off by 1ce.Not replaced) No 
No | None 48" | None No | No No 
No | Some ice but measey, No No op | No 
No| None noticed Coating | No No No 
No No | NO. 
No | No thin No Ke Water jevel fluctuates. No 
Ao No| None tally none 5) 
No | 24°40 72" 36" we cracks shot. 
NO No No. 
No No trouble with ice (“ae No. 
No | No None No | No | No paw 
No | No | 48°72"| <6" 96" No | s@) No 
Probably| No heavy ice termation; no record | No | No mere an 
No| None None |verylittie| No | No | Yes By of seepage nails. No 
No No No | No 
wed| A | No Never measured No | No | No No 
No Noice ice Wo wood tanks 
No Dont Anow (7) | No. Stanapipe shut off in case of fire 
ised| No | No| 2" | 4° | 6te"| | No 
No | No| Very little ice 3” |Afewinches No | No No 
No | WwW No No | No 
1sed No| _Norecords |6*floating) None | No | No | No No 
LIES WITH UNCOVERED STANDPIPES 
No No None No No | No. ke formedonly once in 10 years 1 Fey Shag 
No| , 
No | /8 floating 24 No | No No 
No 72" | 42" No | No 
No No 
No No | No , No 
No No | No | No 
No No | No| % No 
No | No | No No 
No | 60-96" | Unknown | 96 -/20"' No | No 
Yes No es 
No None ne Never any ice. 
No | Always pen in 72 No No 
No ice for No (& below W ft al tp. No 
| 2° | No | No. hhwinter not fillpipe up. 
No No ice No ice No trouble not inuse now No 
No No ice No ice No No | No No 
No 36 cakes | Yesi24 No | No No 
36° No No | No | No 
No Do not ‘now No No | No Do net krow 
asonry Filled in with hay and 2 ff. air charnber. (4) Double wooder; sheeting and tar paper, 2¢t ar space. 
Canton Stove forelactric vave to Ot te 


C should be classified rather as surface water. 
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METCALF 4-EDDY 
ny EXPERIENCES WITH ICE IN STANDPIPES 
BOSTON MASS. 
Duta OpraineD BY &-Epoy, Fee.-Mar. /920 FROMAND BY THE COURTESY OF THE VaTER Worxs Su 
Material of Kind of | & Tuckness of ice Thickness of 
MICAS: Sj. 
Place Authority Construction '| Vocation | roof weather extraordinary 
: $s 2 of mater | of shell water| of 
GTZ % § 
Group ITA. SURFACE WATER SUPPLIES WITH ENCASED STANDPIPES 
/. N.Y GA Anderson, 1909 Steel 40 65 | Ground Exposed | Wooaen Yes | Aone | None | None 
2. HAMILTON, N.Y. G.L.Walaron, Supt | 1095) Steel 37 37.5) Ground Exposed | Concrete | Brick No | No| None None 
3. Syracuse, NY. Water Dept: 1910 | Steel 66 51 | Ground Exposed |Conc.deme No | No 
4. Man Sta. | Bohman | 1672 | Wrought In| 4 125 | Ground Ex Tin Stone toner No 
5. MuwAuxzs, Wis. Booster H.P Bohman | | Steel 1S 173\ Ground Exposed | Tin Brick tower 
6. ATTLEBORO, q Water Dept: 1908 Rew Concr:| 50 102 \ Ground Exposed | GustavnoTie @) | No Do net know 
7. EOMONTON, ALBERTA. (7)| Water Dept: 1906 | Stee/ 24 «36 | Tower Encased th wood \ fer protecten No| 9°10" 
8. HUMBOLT, CACutting, | | Stee! 20 | Cement pier| bin 5 Ply wade atell| | No None | 24 
9. SASKATOON, SASK 6 D Archibald, Cty Brg Stee/ 20 80 | Comfound.| | inopen Wood No | No| 24° attp | 
GRouP ITB. SURFACE WATER SUPPLIES WITH ROOFED STANDPIPE. 
1. ALCONACcO, Micu. ALEL WwW 20 60\Tower | 40ft None No | None 24" 
2. MENASHA, Wis. AH .Mbester, Supt | 1903 | Steel 15 60 | Brick toner| 60ft. | Exposed | Steel None Mo | None 36" | None 
3. Souno, ONT. Geo Murray, Eng.| | Stee! 27 | Tower | | Exposed’ | None Mo} | 
4. VicTORIA, B.C. Water Dept: 1909) Conc steellined 21-9 35 | Tower 70 ft. | Ingpen | Concrete Ao No record 
5 MANISTIQUE , MicH. 1. Erickson, Supt 20 | Tower 80 ft. | Exposed | Stee! Riser encossd Ao | 
6. STAMBAUGH, MicH. Water Dept: 1908 | Steel 20 20 | Tower | Stee! None No 
7. WATERLOO, N.Y. HS.Kiney, VP | 1913 | Steel 20 50 | Exposed | None AO | No |Dontknw| 
8. Farco, N.D. Water 1904) Stee! 20 100 | Caner base Shingle No | No 
9. NY. 1.6 Roake, Supt.| 1910 | Steel 24 60 Ground Exposed | Steel cone Aone | None None 
10. BRocKTON, 3&4) H. Kingman, Supt.| 1908 | Steel 19 19-8) Tower Exposed | Wood No 
WM. ir. Horner 1895 | Steel 23% 128 | Ground Exposed | Stee! No % Data No 
Group SURFACE WATER SUPPLIES WITH UNCOVERED STANDP 
ALEXANDRIA Bay, NY. | Edw Lee, Supt. | 1903) Wreugtt 20 80 | Ground | None None wr | 3° 
2. Lynn, Mass. RJ Newsom Supt 1995} Steel’ | 50 35 | Ground Exposed | None No | Mane |About 26 
3. MASSENA, NY. St Lawrence W.C4.1908 | Steel 20 70 |Ground Exposed | None No _ 
4. WINTHROP, MASS 2.2.0unn, 190 | Steel 40 100 |Ground Exposed | None Aone No 18-24 
5. CANTON, MY. L.R. Smith (862 \ Wrought 20 70 | Ground Exposed | None None No 
6. ABINGTON &° RockLAND | Water Works, | 1666 | Stee! 25 100 |Ground Exposed | None No Do not know 
Mass. Water Works) 1910 | Cement 50 00 \Ground Exposed | None No Do not Anow 
8. Soutw PirrsBurcH, Pa. | 905 Stee! 25 150 | Ground in Qpen \None None No No, ite 
39. JopLin, Mo. A.BLynn, Wat: Deptt 95 | Steel 8&8 |\Grand dn Qpern’ \None None Do not Anow 
ONSET, Mass. 1994) Steel 20 40 |\Tower | 63f% | Exposed’ | Nane None No | 5710" | 
CHicoPee , MAss. Water 1093) Vieugit 55 60 | Ground Exposed | None No 
LEXINGTON, Mass ELLoche, Supt: Concrete |30 105 Ground Exposed | None No 4 
IS Saueus, Mass. AF Hart, Supt | | Steel 45 8 \Ground Exposed | None No | 24 About 48 
44, LINDSAY, ONT. Water Dept: Wrought iron | 16 | Stone feund.| 2 Ft. | Exposed | None Mone No |No 
KINGSTON, ONT. Co Mor | 1880 Steel 40 $0 |\Stonefund| | Exposed | None None No | 
16. St. JOSEPH, Micu. Wate? Dept 1892 @) @) None No 
17. Mass. Water Dept 1863 | Wreugtt ron | 35 60 | Ground Exposed | None None No |% 
18. Weymoutn, Mass. Water Dept: 1885 | Weight | 49 | Ground Exposed | None No | Z 
19. BRocKTon, MAss.> | HXingman, Supt: | 1890 | iron 62 59 Exposed | Nane No 
20 BrRocxTon, MAss.: 2 | Supt | 1905 | Steel Exposed | None No 
21. ROCHESTER, N.Y. WaCo,| GH&liven, Supt: | 1904 | Stee! 450 20 | Caner: (4) | None None No| 2 36" 
22 RUTLAND, MASS. Water Dept: 1900 | Wrought ron | 20 90 Ground Exposed None No Probably no ie 
23 East St. Lous, CM.Homer, Supt | 1896 | Stee, \Ground Exposed | None No No Data 
Louis, CM Homer, Supt. | 1908 | Stee! 66 30 |Ground Exposed | None No Ne_ Data No 
GH. Altham, Supt. | 1907 | Steel 22 40 | Tower 92% In Qpen \None None Sometimes as 
. GREAT FALLS, Monr. Morris, CE. d 
28. BUFFALO, N.Y. 1. (WESTERN 1903 40 80 Some ice 
29. BUFFALO, NY. 2.) New Yorx fers, Gen 25 50 Braten ice 
30 BUFFALO, NY. Co /9it & 
ViLLE ST. LAURENT, ONT | MMarcel, Supt | 1905| Sieel 22 \Concrbase| | in Qpern | None None F 
32, Port ARTHUR, ONT. L.MJones, Ci 1904 | Steel 25 65 |Ground Exposed | None None One Winter 60" 48" | @ 
33. ANTWERP, NY. CF Burtiss Supf. | 1895 | Weught len |22 50 |Ground dn Open | None No | No | To 24 Open, 
34 Mr VERNON. NY. H.E. Wolbert, Supt: | 1806 | Steel 25 125 \Ground Exposed None None le" None 36 
35 Meoicine Har, ALBERTA.| RB.Ayper. CilyEng. Steel 35 70 \Coner base | Seve!” | Exposed’ | None None Dont know None 
36. IRONWooD, Micu. Water Warks 1890'\ Wrugit ron \50 50 Ground Exposed \None None No fe" 6-8 
37. St. JosEPH, Mo. CH Taper, Supt | 1900 | Steel 50 55 \Ground Exposed |None Nene No | 6°8" | 
38 SENECA NY 1900 | Steel 30 100 |\Ground in gen \None Aane No 
32 PEMBROKE, ONT. J.P Pome, our Eng | 1893 20 60 |\Ground Exposed | None No 
40 MARINETTA, Wis. Dept 1912 | Steel 40 20 \Ground Exposed | None None No} 68 None | 072 
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SUPPLIES WITH ENCASED STANDPIPES 

| | Nene | None | None | Nove = 

Brick No | No| None None = 

No | No | 

Stone toner No 2-6 | 

Brick tower | No 

(0) | No Do not Angw 

Encased in wood | fer protection No| 

5 Ply wooden | No 24 thick in blocks 

No |No| 24° |0°2'artp 

ER SUPPLIES WITH 

Aone 36" | None 42 
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None Ao Dont  /8_.. 36° 

No ne this year 

‘ None Wone | Nane | No 

No 
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2-4 

None 

None 

Do not know | 

Do not Anow | 

None No ice | 

None Da not Anow 

None | ote” | 76° 1S Selao ting 

24 8° il" About 48 | 

None No Sang, 

None No 

6" Floati om. of tank 

alittle paint. 

None 26° 36" 2" 

Probably no ice 

No Oata No Data 

Same ice| 12°24" § 

Broken ica 24" 

None l2 

New One Winter 60" 48" 48°, 

No |No| Tp qpen| 24° | Quen | 36-48 

None No le" None 36 None 

None No Dont know ,| None | About 8 

None No | 16°18" | 12°16 

Aone No} 6°8" | 24° |Dont know No (15) 

None No Dont think so 

7 Aane No 18° NW si No 

None No “8 None | W'l2"'| None No 

ME gre. (3) Three sides exposed, North protected by builaings. (4) Exposed’, sheltered some by trees. 
“ining; sealed too and weep holes. @ Recently sold to 

Partly prevent spalling of concrete. Ul) Architectural 2ffect 

of overflow Freezes have seen ice 18" thick inpipe. (14) Row of spikes ft from top of insiae : 
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and more or less all around. The top ice is moving either up or down all the 
time and breaks into cakes, and rolling around they grow bigger, some 3 
feet, some smaller. 

St. Joseph Water Company, Missouri; C. H. Taylor, Superintendent. The 
standpipe at the reservoir is used very seldom and only in case of fire. When 
the weather becomes cold enough to form ice on the standpipe, we at once 
open the by-pass around the check valve and permit the water in the stand- 
pipe to waste into our distribution mains, the rate of flow of the water through 
this by-pass depending on the temperature. 

The lowering of the water in the standpipe keeps the ice cake on top of the 
water constantly broken up into small cakes and slush ice, this being a 50- 
foot diameter by 55-foot high standpipe. In extreme weather we permit the 
water to waste out of the standpipe until perhaps we have lowered the head 
from 10 feet to 15 feet from the point where we started. We then pump water 
into the standpipe, bringing it again up to the top of same or to the overflow 
and usually during extreme weather we are obliged to refill the standpipes 
weekly. The only precaution necessary to protect the standpipe from dam- 
age during cold weather is to keep lowering the water in same sufficiently rap- 
idly to prevent the surface freezing solid enough that the surface cake will 
break when the water level is lowered underneath same. It is also very essen- 
tial when the standpipe is ringed with heavy ice not to permit the water to 
lower too far at a time when the temperature is rising forfear that this inside 
lining of ice when very heavy will fall, in so doing, cause undue strain on the 
structure of the standpipe. 

St. Joseph Water Works, Michigan; F. A. Bunks, Superintendent. We 
have had the ice shoot up over the top of the pipe in the spring time, due to 
the station allowing the water in the pipe to rise above the danger point. 

We have had trouble with the ice when we try the policy of pumping the 
standpipe full of water and then shutting down the pumps until the pressure 
dropped sufficiently. We have for the last 5 years maintained an even water 
level in the pipe during the winter (or as nearly level as possible) with the result 
of no trouble with the ice. Domestic pressure is 40 pounds per square inch. 
For fire we cut out the standpipe and pump direct, with a fire pressure of 80 
pounds. 

Menasha Water Works, Wisconsin; John H. Knester, Superintendent. We 
installed an 1800 gallons per minute centrifugal (pump) this winter that held 
the head too steady and ice formed on top of water; also our riser pipe froze 
solid and split four lengths, 48 feet, which we have just renewed at a cost of 
over $500. I believe in our case that we will cover riser pipe with felt frost cov- 
ering and I think we ought to put in a hot water boiler of about 500 feet radi- 
ation capacity in which to burn hard coal, this to keep riser pipe open and to 
keep ice from forming on top of water and keep ice from getting too thick 
around shell; this heater to be connected to a tap at lowest point of riser pipe 
and also just above boiler. This will give circulation down to below frost 
level. This arrangement will cost less in operation and maintenance than 
going to extremes in cost for frost coverings and housing. . . . . If we 
don’t put in some sort of heating we will have to drain tank and piping and 
lose the advantage of storage for emergency. 
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Manistique Water Works, Michigan; H. Eriksen. During the winter months, 
about once a week we cut out the ice formed in standpipe (which formation 
begins at the inlet to the tank) in the following manner: 

We close the valve at one side of the tank and open the valve opposite it, 
which permits the water in the riser and standpipe to empty into a sewer. 
The force of the moving water very effectually clears out any and all ice that 
may have formed, either in the standpipe or riser. This operation takes 
about 25 minutes. 

Milwaukee Water Works, Wisconsin; H. P. Bohmann, Superintendent. At 
the North Point Pumping Station standpipe, we have no ice trouble in moder- 
ate winter weather, as the fluctuation of the water in the standpipe keeps the 
ice broken. When the temperature is at zero or below, ice at times becomes 
solid and just as soon as it begins to get solid, a pail of salt is dumped on the 
ice which eats through the ice in a very short time. The formation does not 
give us trouble, as it gradually melts in early spring. 

At the High Service Pumping Station, the greater fluctuation of water keeps 
it open most of the time, otherwise salt is introduced in the same manner as 
at the North Point Pumping Station. . . . . Where the salt eats 
through the ice I should judge it is anywhere from 2 inches to 6 inches in thick- 
ness, tapering down to nothing. Thedistance from the top of the ice to where 
it tapers away is anywhere from 10 to 15 feet. 

By keeping an opening with salt, we have avoided ice troubles at all times. 


With respect to additional cost of from 50 to 100 per cent for 
encasing or covering a standpipe he says: 


It would be justified in this city as bare standpipes are not ornamental and 
our standpipes are located in a fine residential district. 

Port Arthur, Ontario; L. M. Jones, City Engineer. We have a standpipe 
here and have also encountered some ice troubles. 

Our standpipe is 25 feet in diameter by 65 feet high and holds approxi- 
mately 200,000 imperial gallons. It is built of steel and was constructed in 
1904. It is situated on the highest ground in the city and rests on a concrete 
foundation supported by solid rock. The top is 278 feet above the supply 
level. When it was built, the base was at a considerably higher elevation than 
any other building, but since then the residential portion of the city has grown 
considerably in the direction of the hill top, so that there are now a large num- 
ber of houses on the same level as the base of the standpipe. One large house 
and a school have the plumbing fixtures located at an elevation about 30 feet 
above the standpipe base. 

When the standpipe was first built the population was small and the system 
of piping new. The pumps were operated through the day and after midnight 
were closed down, the consumers being supplied from the standpipe. In this 
way the water was changed daily at least. As the population and number of 
consumers grew and the system increased, the pumps were kept in service longer 
during the day, but they struggled to keep water on the hill top, the conse- 
quence being that the water level in the standpipe kept fluctuating to such an 
extent that the water was continually changing. 


| 


ICE IN STANDPIPES 583 


During these periods we had no trouble with ice. The writer remembers 
seeing the ice 2 or 3 feet above the top of the standpipe, floating in the water, 
but this was in the spring after it had loosened from the sides. 

Later on, the city grew in all directions and the standpipe had to be kept 
full nearly all the time to ensure a supply at reasonable pressure to the con 
sumers in its immediate vicinity. Also a power sub-station was located quite 
near it and this had to be protected from overflowing. In the old days when 
there were no houses near, it did not matter if it did overflow. But subse- 
quent development would not permit this. 

New pumps were installed at the main pumping station and a booster pump 
was set in the system half way up the hill to help out for fire fighting. This 
booster was automatically controlled. A Golden-Anderson altitude valve was 
placed on the inlet to the standpipe. When the water dropped in the standpipe 
to a level 12 feet from the top, the pump cut in and filled the standpipe, or the 
valve can be closed at any water level. Our new pumps at the main station 
were of greater capacity than actually required at present and the standpipe 
was therefore kept full nearly all the time. In short, there was very little 
changing of the water, with the result that the standpipe froze over solid and 
the sides were lined with ice about 4 feet in thickness. We first noticed trouble 
when the water receded from the ice and gave us trouble with the controlling 
mechanism of the booster pump, probably due to vacuum conditions set up 
between the water level and the ice level. At any rate when we cut a hole 
in the ice the trouble disappeared. I may say that there was quite a rush of air 
when the hole was cut. For the balance of the winter (1914 and 1915) we kept 
the ice clear of the top of the standpipe. 

The following winter we cut the standpipe off the system entirely but ex- 
perienced considerable trouble, as it proved to be quite a balancing feature 
on the system. 

We have since that time kept it on the system but have not allowed it to 
freeze over solid, but keep a hole about 12 feet in diameter at the center of the 
ice covering. This requires attention about twice a week, but we get no other 
trouble. 

My opinion is that to get the best service, the standpipe should be com- 
pletely housed in and some degree of heat be introduced to keep the water 
from freezing. A standpipe is constructed of a capacity sufficient to perform 
acertain duty. It is questionable if the reduced storage capacity (in our case 
it is reduced 50 per cent or more) due to ice formation is ever considered. In 
our country the ice condition prevails at least five months in each year or 
nearly 50 per cent of the time. In order to get the maximum benefit of the 
expenditure, the cost should be increased to secure a proper covering and thus 
receive 100 per cent return for the investment. Aside from this there is always 
the serious danger due to the expansive effect of ice on a structure of this kind. 

Humbolt Water Works, Saskatchewan; C. A. Cutting, Superintendent. 
Contemplate drawing about 50 gallons per minute from condenser basin and 
pumping into tower, the more gradual the better, to minimize contraction and 
expansion of joints in pipe. 

. Allow the level to remain at 60 feet, then increase to 70 feet, 
which melts ice which is under water. If tower is kept full all the time no op- 
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portunity is afforded for temperature in newly pumped water to act on ridge of 
ice. 

Also divide pumping up, say, over 4-hour periods. 

Saskatoon Water Works, Saskatchewan; C. A. Cutting, Chief Engineer (for- 
merly). A 250-horsepower boiler was fired and a 2-inch steam pipe let loose 
at about 100 pounds pressure without avail. Previous to this, city water was 
pumped through a small condenser of 400 feet surface. 

North Battleford Water Works, Saskatchewan; M. D. Cadwell, Superintend- 
ent. The writer has had twenty years experience in the West with water 
systems and is fully convinced that any tower unhoused is entirely unsuitable 
for a climate such as prevails in Western Canada during the winter months. 

No trouble due to fact that tower is completely housed and further to the 
fact that our water system is supplied with warm water, the initial tempera- 
ture of which is approximately from 60° to 70°, usually from the last day of 
February to the end of March or later, as the conditions may require. 

Prior to the commencement of the warm water supply, which is taken from 
the cooling basin at the power plant, we always found a quantity of ice floating 
on the water in the standpipe. To the best of the writer’s knowledge, the same 
has never adhered either to the wall surface in any quantity nor has it become 
lodged at the top of the tower, but has always floated on the surface of the 
water. 

The writer understands that a number of towers have been wrecked due to 
the fact that the ice adhered to the walls or the top of the tower and fell, due 
to increased temperatures, when the water was at a low elevation in the tower. 


CONCLUSIONS BASED UPON RECORDS SUBMITTED 


1. Open standpipes have been operated successfully in the north- 
ern United States by water works having surface, as well as by those 
having ground-water supplies, in spite of some trouble due to the 
formation in them of ice during the cold winter months. 

2. This statement is true also of some water works in Canada, 
though its climate makes the covering of standpipes more generally 
necessary than in the northern United States. 

3. Past failures of standpipes have been frequent and serious 
enough, however, to make careful consideration or analysis of con- 
ditions of location, exposure, method of operation, circulation and 
variation in rate of water demand, desirable, with a view to deter- 
mining whether the financial condition of the works will justify the 
encasing or roofing of the standpipe, make necessary the assumption 
of the hazard of difficulties or injury to be anticipated from ice 
formation, or compel the abandonment of the idea of the use of a 
standpipe. 
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4, Structures within the standpipe, such as ladders and overflow 
pipes, are to be avoided, as they are likely to be torn down by the 
floating ice sheet. 

5. Heavy variation in demand inducing good circulation within 
the standpipe generally minimizes the formation of ice. The main- 
tenance of a water surface substantially below the top of the stand- 
pipe seems to tend in the same direction. But when a heavy ice 
sheet has formed on top, practical experience or perhaps fear of 
trouble has led superintendents to try to maintain the water level 
as nearly constant as possible, particularly when the melting of the 
ice sheet is expected, in order to prevent the fall of a heavy mass of 
ice into the water below it, with piston-like shock and imminent 
danger of collapse of the entire structure. 

6. With increase in diameter over 30 to 40 feet, troubles from ice 
appear to decrease. Often they do with standpipes of smaller 
diameter, though probably for different reasons. 

7. In extreme cases salt has sometimes, though rarely, been used 
on the surface of the ice sheet, to keep it open; holes have also been 
chopped in it to prevent suction from being developed between the 
ice sheet and the dropping water column, which would tend to cause 
the fall of the ice. In Canada the expedient of pumping some con- 
denser water into the standpipe, to raise the temperature of the 
supply, has also been used successfully. 

8. Usually the warmer incoming water at the bottom of the 
standpipe tends to prevent the formation of ice at this point, or 
even in the lower part of the structure. 

9. In extreme cold, ice often forms in a cylinder around the 
inside of the standpipe, as well as in a sheet covering the water 
surface in the standpipe. 

10. There is substantial danger from the partial melting of the 
ice cylinder on the southerly side of the standpipe, under the warmth 
of the rays of the sun and from the refreezing of the water thus 
melted, held between the steel shell of the standpipe and the ver- 
tical annular ice cylinder within it, with undesirable if not dangerous 
expansive force. 

11. Ice is reported to have projected above standpipes from 10 
to 20 feet in extreme cases. These amounts seem almost incredible, 
but at least one photograph is available showing the projecting 
column of ice to have been nearly equivalent to two rows of plates, 
or 10 feet in height, above the top of the structure. This case 
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developed on the south shore of Lake Michigan in a standpipe 16 
feet in diameter and 100 feet high. How far down it extended under 
those conditions, is unknown. The danger to the structure inherent 
in the fall of such a slug of ice is obvious. 

12. A heavy ring of ice near the top of the standpipe, with solid 
sheet of ice covering it, is common even when the vertical cylinder 
of ice next the wall of the structure tapers rapidly toward the bottom. 

13. The roofing of the standpipe (without encasement of its walls) 
seems to have been generally effective in preventing the formation 
of a heavy ice cylinder or floating ice sheet within the standpipe, 
particularly where ground water supplies are used. The fact that a 
greater percentage of standpipes supplied with ground rather than 
with surface water have been roofed may be due to the greater need 
of excluding sunlight from ground water, to prevent the growth of 
algae. 

14. The complete covering of the structure, leaving a space of 
30 inches or more between the standpipe shell and the encasing 
material, for painting, is the most effective and desirable protection 
against trouble with ice in exposed northern sites, particularly where 
the water is cold, the circulation slight and the financial considera- 
ions involved are not prohibitive. The application of heat is 
sometimes resorted to in the coldest weather, to prevent freezing of 
the riser pipe, where the standpipe is elevated. 

15. With reference to the age of these standpipes the following 
notes may be of interest. Of the 118 tanks the ages of which are 
known, 64 per cent are of steel, 20 per cent wrought iron, 12 per cent 
reinforced concrete, 4 per cent of wood. The ages of the steel 
tanks range from 4 years to 30 years, the average age being 17 
years. The ages of the wrought iron tanks range from 17 years to 
48 years, the average age being 31 years. The age of the reinforced 
concrete tanks is from 6 years to 20 years, the average being 11 
years. The age of the wooden tanks is from 7 years to 30 years, the 
average being 23 years. In interpreting these results it is to be 
borne in mind that the wrought iron is the oldest material used; 
that steel came into general use at a slightly later date, and that 
the use of reinforced concrete for standpipes is of comparatively 
recent origin. The data concerning the wooden tanks are not suffi- 
ciently complete to be of significance. 


ADDENDUM 


Since compiling the tabulation upon “‘ Experiences with Ice in Standpipes”’ 
the following interesting information has been received from Mr. 8. E. Killam, 
Superintendent of Pipe Lines and Reservoirs, Water Division of the Massa- 
chusetts Metropolitan District Commission, relative to three of its standpipes, 


all of which receive their water from surface supplies. 


‘““ARLINGTON” AT 
ARLINGTON 
HEIGHTS 


“BOSTON” 
AT BELLEVUE 
HEIGHTS 


“Quincy” 
ON FORBES HILL 


Date of construction (approxi- 
Material.......... 

Diameter (feet) 
Height (feet) 


Position. . 


Method of encasement.......... 


Was encasement designed for 
architectural effect only?.,.... 
Is standpipe cut out of service 
In ordinary weather how thick 
does ice form on top of water 


In extreme weather how thick 
does ice form on top of water 


On inside of shell?............ 


1894 
Wrought iron 
60 
40 
Masonry 
base 
Exposed 
Conical, rest- 
ing on 
standpipe 
None 


No 


6 to 8 in. 
None 


8 to 12 in. 
None 


1914 
Steel 
100 
H 
Masonry 
base 
Exposed 


1900 
Steel 
30 
64 
Masonry 
base 
Exposed 


Masonry; is observation roof 


of tower 


Masonry 
tower with 
4 ft. space; 
wall 3 ft. 
thick at 
base 


No 


2 to 4 in. 
None 


Masonry 
tower with 
3.25 ft. 
space; wall 


4.75 ft. 
thick at 
base and 2 
ft. at top 
below cor- 
nice 

No 

No 
2 to 4 in. 

None 

6 in. 
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On inside of shell?........... ae 
6i 
None | None 
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” ” 
“ANLINGTON | AT BELLEVUE | gy 
HEIGHTS HEIGHTS ON FORBES HILL 


Has ice frequently projected 
No No No 
Is artificial heat ever applied?.. No No No 
Has standpipe ever suffered se- 
rious injury from ice?........ No* No* 
Do you think under conditions 
of your works an additional 
cost for encasing of from 50 to 
100 per cent of cost of stand- 


Yes Yes Yes 


* Although interior coating has been injured by movement of ice. 
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THE DETECTION OF LEAKS IN UNDERGROUND PIPES! 
By H. E. Bassirt? 


This subject is constantly before the average water works man and 
seldom fails to arouse interesting accounts of experiences in detecting 
leaks. In spite of the widespread experience of water works managers 
in this line the publications of the American Waterworks Associa- 
tion are strikingly barren of information concerning it. We must 
turn to water works periodicals, the publications of other associa- 
tions, and to our personal experiences to find accounts of methods 
in use. 

It is the aim of this paper to describe only a few of the more com- 
mon methods for the location of leaks in underground pipes. It is 
not possible in the time available to discuss all the methods which 
have been used, nor is sufficient information at hand todoso. There 
are some here who will recognize all the methods described and 
be more familiar with them than the author is. Others will miss 
descriptions of methods familiar to them. To paraphrase the famil- 
iar saying attributed to Barnum: some of the methods described 
will be familiar to all of you, all the methods will be familiar to 
some of you, but it is hoped that all of the methods will not be fa- 
miliar to all of you, in order that some of you may receive something 
from this paper. 

In order to reduce the extent to which this subject can be expanded, 
the ground covered will be restricted to methods for the exact 
location of leaks after their existence and their approximate loca- 
tion have been determined. The advantages to be gained byleak 
and waste surveys and methods for the determination of the exist- 
ence of leaks and waste will not be included. 

The simplest method for the location of leaks is by observation, 
if it can be called a method. It would scarcely seem to take much 


1 Read before the Illinois Section, March 25, 1920. Discussions are re- 


quested and should be sent to the Editor. 
2 Assistant Professor of Municipal and Sanitary Engineering, University 


of Illinois, Urbana, IIl. 
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experience to say “‘there is a leak”’ if water is seen bubbling up in a 
city street. Peculiarly the visual evidence may be sufficient to dem- 
onstrate the existence of a leak but its exact location may not be 
immediately below the point at which the water is appearing. How- 
ever the thing to dois to dig at the point where the water is appearing, 
and if water is found coming in from the side of the hole, to follow 
along until the leak is reached or to use one of the more simple meth- 
ods subsequently described. A water works superintendent who 
observes a luxuriant growth of vegetation along the line of his water 
pipes in the midst of a hot dry spell is safe in assuming that his 
pipes are leaking nearby and that an appreciable saving can be made 
by stopping the leak located there. If a sewer or drain pipe is seen 
to be discharging continuously even during the driest weather, sus- 
picion should be directed to the line of water pipe that the drain 
crosses as contributing the flow through a leak. 

Leaks discovered by observation in this fashion may follow along 
the pipes for some distance before making an appearance. If the 
leak is not located in the excavation made at the place of appear- 
ance, a pointed steel rod about 4 to 2? inch in diameter and 5 to 6 
feet long can be driven down to the pipe through most soils. If 
on withdrawal the rod is found to be moist the indications are that 
the leak is further up-grade, and on withdrawing the rod in a dry 
condition the leak has been passed and lies between the last two 
points of driving the rod. Such a rod is called a sounding rod. 

Sounding rods have no relation to the detection of leaks by sound, 
the most common manner by which they are located that is worthy 
of the name ‘“‘method.”’ The sound caused by the leak from a water 
pipe is a function of the velocity of flow, the size and condition of 
the opening, and whether the leak is discharging under water or into 
the air. A high velocity through a small aperture will make more 
noise than a large discharge through a large aperture. A free dis- 
charge will be more noisy than a submerged discharge. It is a well 
known law of physics that sound will travel faster and further through 
a solid body than through gas. If a leak is taking place in a pipe 
the sound will be transmitted by the pipe for long distances. The 
sound can be picked up by placing the ear against the pipe or some 
fixture connected thereto, or better by the assistance of some of the 
instruments made for the amplification of sound. 

The aquaphone or waterphone is the simplest instrument and the 
most commonly used. The device consists of a solid metal rod 
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soldered to the center of a thin metal diaphram such as used in an 
ordinary telephone receiver. The point of the rod protrudes from 
the end of the receiver and is placed in contact with the pipe or 
fixture. The leak is located by following along the pipe as the sound 
increases. If the pipe is buried a sounding rod may be driven down 
to make contact with it. The aquaphone is placed in contact with 
the sounding rod. Considerable experience is necessary for the suc- 
cessful use of this instrument. 

The detectaphone, the sonograph, the sonoscope, the geophone, 
etc., are somewhat similar instruments. The volume of sound in 
some of these instruments is increased by an electrical amplifier 
placed in line between the point of contact and the receiver. The 
receiver is similar to the ordinary telephone instrument with elec- 
trical coil and magnet. The sound waves set up in the pipe are 
converted to electrical waves, amplified and transmitted to the 
receiver, much more loudly and clearly. 

It is to be noted that all of the instruments described so far require 
direct contact with the pipe. This may be a decidedly undesirable 
feature, as the exact location of a leak in a buried pipe requires ex- 
cavations to be made in order to reach the pipe. The sounding rod 
does not always work well with the aquaphone. 

Darley’s Leak Locator is a sound detecting instrument that does 
not require direct contact with the pipe. A very delicate sound 
detector is set up on a four-legged brass table which rests on the 
surface of the ground, and is protected from air currents by placing 
the box containing the electric cells over it when in use. The vibra- 
tions set up in the detector are converted to electric waves which 
are transmitted through an amplifier to a very sensitive telephone 
receiver. The instrument is so sensitive that it will detect the sound 
of a leak through the pavement and the ground at the ordinary 
depths to which water pipes are buried. The instrument cannot 
be used in a high wind or where other noises may interfere. Sat- 
isfactory results have been obtained with its use. 

The phenomenon of water hammer’ is useful in locating a leak in 
a water pipe. It is well known that if a valve in a pipe line isclosed 
quickly a pressure is set up in the pipe. This pressure is called ‘‘water 
hammer.” It differs from the effect caused by a blow in that the 


3 See paper by Prof. M. L. Enger before Sixth Convention of the I!linois 
Water Supply Association. 
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pressure is maintained for some time. A wave of high pressure 
travels from the valve up the pipe to a point of relief and a wave of 
low pressure then returns to the starting point at the valve. The 
pressure at the valve fluctuates above and below normal until the 
disturbance has become stilled by the friction of its passage through 
the pipe, and the pressure returns to normal. Intermediate dis- 
charges between the valve and the point of relief will cause fluctua- 
tions in the pressure at the valve after the water hammer has been 
created, and if many of these intermediate discharges exist the 
fluctuations of pressure will be too confusing to be of value. The 
speed at which the wave travels is affected by the diameter of the 
pipe, its material, and other factors and varies between 3600 and 
4200 feet per second. 


Location| oF 
leak \ | -Line of fluctuating pressure. 


of rae 


of norrmo/ presse 


Trave/ of | chark 


2400 


3400 4#+00 5400 


Fic. 1. TyprcaL WaTeER HAMMER DIAGRAM FOR THE LOCATION OF LEAKS IN 
Pipe LINES 


In the application of this phenomenon to the location of a leak, 
the approximate location of the leak should be determined and the 
line of pipe on which the leak is located should be isolated by the 
closing of valves so that it is connected to only one large service 
main, preferably much larger than the pipe in question. It may be 
necessary to shut off service connections or to apply the method at 
night when the service pipes are not drawing water. A quick shut- 
ting valve is attached to a hydrant so located that the leak is between 
it and the water main. The distance from the hydrant to the con- 
necting main along the pipe line should be measured accurately. 
A delicate recording pressure gage is attached to another nozzle 
on the same hydrant. Its dial is revolved by clock work. Time 
is recorded by the vibrations of a tuning fork. The instrument 
used by Professor Enger is an easily improvised affair and works 
quite satisfactorily. No time record need be maintained. 
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After the instruments are connected up and the clockwork is run- 
ning, the valve is opened and water allowed to flow from the hydrant. 
The valve is then closed suddenly. On the closing of the valve the 
pressure line on the diagram, figure 1, made by the instrument will 
jump up. The pressure will remain at this height until a slightly 
relieving wave has returned from the point of the leak, when it will 
drop a little. The pressure will then remain constant until the low 
pressure wave has returned from the point of relief. The exact 
location of the leak is then determined by proportional distances 
from the diagram. 
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Fig. 2. TyprcaAL DIAGRAM FOR THE LocATION oF LEAKS IN Pire LINES BY 
Strupy or THE HypRAvLiIc GRADIENT 


The characteristics of the hydraulic gradient are useful in the 
location of a leak. Take the profile of a long pipe line, or a portion 
of a distribution system so isolated as to result in a similar condition, 
and assume that a leak exists somewhere between station 0 + 00 
and 35 + 00, figure 2. If the pipe line is shut off completely except 
at 0 + 00 and no leak exists, the hydraulic gradient will lie 
along the line A and the pressure throughout the pipe line will 
indicate this height. If the pipe is opened and no leak exists the 
hydraulic gradient will be represented by the line C provided 
the diameter and other conditions are similar throughout the 
line. If a leak exists and the pipe is closed, the pressure at station 
35 + 00 will be less than that at 0 + 00. The gradient will slope 
uniformly downwards from 0 + 00 to the point of the leak and then 
run horizontal to station 35 + 00 as shown by line B. The position 
of the gradient, represented by the two straight lines can be deter- 
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mined by locating any two points on each line. The leak will be 
found at the intersection of these lines as shown on the figure. This 
method was used with success by the author in locating a leak in a 
5-mile pipe line at Nogent-en-Bassigny, France, during the war. 

A method requiring the use of chemicals was suggested by T. J. 
Hoxie in the Journal of the New England Water Works Association, 
volume 27, page 307. The leak is located tentatively within a 
certain section of pipe which is then isolated as in the preceding 
method. It is essential that all service connections be closed. A 
corporation cock is tapped into the main somewhere above the leak. 
To this is connected a 6 or 8-inch length of 2 or 3-inch pipe and a 
valve. Two or three pounds of caustic soda are inserted in the 
tube, the large valve closed, and the time of opening the corporation 
cock noted. Samples are collected at various points along the line 
and tested for alkalinity with phenolphthalein. As soon as the 
alkalinity is found at any one point it indicates that there is a leak 
beyond that point because the flow created by the leak has carried 
the chemical down. Finally a point will be reached where the 
alkalinity does not appear. The indication is that the leak is some- 
where between this point and the point at which it was last found. 
Water is withdrawn at the point at which the alkalinity has not 
appeared and the quantity withdrawn before the alkalinity does 
appear is carefully measured. This quantity, divided by the 
volume per unit length of the pipe will give the distance to the leak. 
Any number of leaks can be detected in this way. 

An ingenious method based on volumetric displacement was 
used for the location of a leak in a pipe line during the construction 
of the Field Museum in Chicago. A piston was made which fitted 
the inside of the pipe. A Y-branch was inserted in the pipe line, 
the piston was put in the pipe through this branch, and a cable 
attached to the piston was passed through a packed joint in the plug 
closing the Y-branch. The water was then gently turned in the 
pipe just sufficiently to keep the piston moving. When it had 
reached the leak it stopped, and the length of the cable measured 
the distance to the leak. 

A simple method for the location of a leak in a submerged pipe is 
to dump a quantity of bluing in the line. The appearance of the 
bluing in the river or harbor will locate the position of the leak. 
Other equally difficult methods may be as effective as the more 
scientific methods just described. 
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If the location of the pipe line itself is unknown there is an instru- 
ment available, known as the wireless pipe locator, by which the 
exact position of the pipe can be determined. An electric circuit 
is made by connecting two points on the pipe line by an electric 
wire. A battery and vibrator are put in this circuit, the vibrator 
serving to interrupt the current rapidly. An induction coil and a 
detecting coil connected to a telephone receiver are carried in the 
hand. When the induction coil held in a horizontal position is 
brought into the vibrating electric field set up by the electric circuit 
through the pipe and wire, a singing noise is heard in the telephone 
receiver. The volume of sound increases until the instrument is 
directly over the pipe, when it ceases altogether. If the coil is then 
turned into a vertical position the loudest sound is heard. 


DISCUSSION 


F. C. AMsBary: Our company has located a number of leaks by 
observing pavements and parkings after a snow storm. The snow 
melts above the leak, leaving barren patches. Regarding the Darley 
leak finder, the company took advantage of the offer of the manu- 
facturer to send one out on a 30 days trial, but failed to get any 
satisfactory results with it. The device is so sensitive that noises 
were picked up at great distances and the company’s man gave it 
up. It is reported that the instrument has been successful when 
used at night. 

The company has a pipe locator and it is a success; it has been in 
use for seven or eight years. 


D. R. Gwinn: At Terre Haute, the water company has a wireless 
pipe locator, an aquaphone, a detectaphone and a leak locator. The 
wireless locator and aquaphone have given very satisfactory service. 
The detectaphone has been valuable in locating underground leaks; 
by means of this instrument, it was possible to locate a serious 
underground leak on a service pipe. The other instrument, while 
very sensitive, has not been successful at Terre Haute, even on 
streets that were not paved. 
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RATIONAL METHOD OF DEVELOPING A SHALLOW 
GROUND-WATER SUPPLY! 


By W. D. P. Warren? 


One of the most interesting and perplexing problems which an 
engineer is called upon to solve is that of developing a supply of 
water from shallow-ground wells. To the public, the big impound- 
ing reservoir, with a “visible supply of water,” is a real engineering 
accomplishment; however, at times, it may be exactly otherwise. 
The author has given some study to the development of both im- 
pounded and well supplies and fully appreciates the necessity of 
the impounding reservoir under certain conditions. The plan of 
developing water from wells is an extremely old one, and yet one on 
which the best technical advice should be obtained before final plans 
for developing an impounding reservoir are adopted. 

A few years ago the author was called upon by the officials of 
Witt, Illinois, to assist them in developing a supply of water, and 
the difficulties encountered in the development of this supply led 
to a somewhat more extended study of well supplies than might 
otherwise have been thought necessary. In the development of 
the supply at Witt, valuable support was given by the mayor, Dr. 
Charles Lockhart, who, being a professional man, realized the value 
of professional services in this matter and gave every assistance 
possible. 

A typical problem. Witt is a city of 3,000 population, and inas- 
much as the conditions encountered there are more or less typical, 
it will serve to illustrate the method of developing water from 
shallow-ground wells, to which it is desired to call attention. 

The first information given the author at Witt was that the 
City Council as a whole wished a visible supply of water, also that 
there was no chance for a well supply, as both mines in that vicinity 
were dry, and further that the only wells near the city were shallow 


1 Read before the Illinois Section, March 24, 1920. Discussions are invited 
and should be sent to the Editor. 
2 Miller, Holbrook, Warren & Company, Decatur, III. 
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and showed no promise of an adequate quantity. Further investi- 
gation disclosed the fact that the engineers for the State Water Sur- 
vey had been over the ground several years previously and had made 
a brief although valuable report. Following is an extract from 
the letter of transmittal of June 4, 1913, by Paul Hansen, engineer;- 
attention is called to the fact that in this letter he pointed a way to 
the proper solution. 


At present there are no available data which would point to a successful 
water supply, but it would seem worth while to prospect by means of test 
wells, especially toward the notheastward, at a distance of several miles, 
where the city of Nokomis has been very successful in securing an abundant 
supply of water from wells penetrating sand and gravel in the drift at a depth 
of about 40 feet. 


Quite contrary to the advice of the State Water Survey, a num- 
ber of the officials determined to undertake the development of an 
impounding reservoir, the thought being that a well supply was too 
uncertain. Under these circumstances the investigation of a sur- 
face supply was begun. 

Impounded supply. Surveys were made on a number of sites 
considered feasible, but as the territory about Wittis comparatively 
flat or rolling, no site was found nearer than 4} miles from the city. 
The drainage area here was considered sufficient, and this project 
appeared feasible, although a filter plant would have been required 
for the treatment of the water to render it suitable for domestic 
use. The surveys and estimates on the various sites were shown in 
a report covering the investigations for the city. 

The estimated cost of the supply from the impounding reservoir, 
delivered to the city, and not including distribution system, was 
about $125,000. This amount was greatly in excess of any figures 
the officials had in mind for such a supply, and it was no doubt 
due in a measure to this fact that they were led to adopt the recom- 
mendations contained in the report that a full study be made of a 
possible well supply before deciding to adopt any plan for an im- 
pounding reservoir. 

Investigation of well supply. In undertaking to develop a well 
supply the author was limited in the beginning by a resolution of 
the city council to the effect that not to exceed six wells should be 
drilled. Several days spent on the ground disclosed the informa- 
tion that a mine in the south part of the city was dry, also that a 
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mine about one mile north of the city was dry, and that the closest 
known well proposition was at Nokomis, about 43 miles northeast 
of Witt. A visit was therefore made to Nokomis and valuable 
information secured from the officials in charge of the plant at that 
place. The Nokomis supply is from six 6-inch wells about 40 feet 
deep, the wells being driven into the drift and passing through 20 
feet of soil and clay and 25 feet of coarse water-bearing sand and 
gravel. The gravel appeared to be of a grey or bluish color with 
little silt or clay in it, being of similar color and character to the 
material from which the supply at Bloomington, Illinois, is secured. 
At this time it was considered that the supply at Nokomis, being 
in a wide flat valley, might be found further down in a general 
southwesterly direction toward Witt, but east of the closest point to 
the city limits by about 3000 feet. This theory that the gravel 
deposit might continue down the valley was borne out in a way by 
information that in sinking a new mine southwest of Nokomis, con- 
siderable water had been ecountered and it had been found neces- 
sary to change the location of the proposed mine to a point some- 
what further east from the general lines of the valley. A conference 
was held with M. C. Sjoblom, acting chief engineer of the Depart- 
ment of Public Health at that time, and much credit is due him for 
his excellent advice in this matter. The statement of Mr. Sjoblom 
was to the effect that if it was necessary to go 43 miles for a supply 
from an impounding reservoir and then treat the supply, it would 
be much more practicable to develop a well supply, even if neces- 
sary to go somewhat beyond the 43 mile limit. In other words a 
real tangible starting point was established. Inasmuch as the sup- 
ply at Nokomis had been very thoroughly tested over a period of 
years and was known to be adequate, it was therefore seen that Witt 
could at once get a well supply from Nokomis, only 43 miles distant, 
and thereby effect a very substantial saving over the method of an 
impounding reservoir. 

Drilling. The location chosen for putting down hole 1 was in 
about the center of the valley, 2 miles southwest of Nokomis and 
roughly in line with the Nokomis wells and the mine test hole 1 
mile southwest of Nokomis, above referred to. At a depth of 20 
feet water-bearing sand and gravel of excellent quality were en- 
countered, 10 feet in depth, giving a total depth of 30 feet for the 
well. The well driller called attention to the ease with which the 
well casing and drill seemed to go through this gravel deposit and 
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stated that the flow of the water appeared to be extremely “free.” 
This gravel was of a greyish or bluish color. Hole 1 indicated an 
adequate supply of water for Witt at a distance of only about 2 
miles from the city. However, it was thought that the deposit 
would probably be found down the valley and closer to the city 
limits. 

In selecting a site for hole 2, it was decided to choose a point on 
the west edge of the valley, and in so doing, the hole was located 
within a short distance of a little branch entering the valley. As a 
result considerable silt and clay were found in the sand, probably 
due to action of the currents caused by this small branch entering 
the valley proper. Furthermore, the sand did not run as coarse as 
in hole 1 and was of a yellowish color. It was concluded that this 
hole was on the western edge of the deposit, for it was very similar 
to holes put down about that time at the mine 1 mile south of 
Nokomis, which was known to be east of the main gravel deposit. 

Hole 3 was about 200 feet east of hole 2, but showed much fine 
sand, also holes 4 and 5, which were about 500 feet north of holes 
2 and 3, showed more or less fine sand. However, hole 5 showed 
better sand and as it lay more nearly in the center of the valley it 
was concluded that further drilling would locate the coarse material 
where the flow through the gravel would be more “free.” 

Considerable pressure was brought to bear at this time to induce 
the city officials to stop such ‘‘useless waste of money”’ in drilling 
holes out in the country and to either put down some holes in Witt 
where the city owned several vacant lots, or abandon the drilling 
entirely. This attitude at Witt was anticipated and met only by a 
careful statement of the methods being followed in the development 
of this supply. It is proposed in this article to refer to the method 
of developing the supply from shallow wells as the rational method, 
for, as in the case of sewer design by the rational-method, oppor- 
tunity is given for exercise of judgment and experience, as well as 
for the application of fundamental engineering principles. 

Rational method. In the study of the problem at Witt careful 
search was made of available works on water supply from wells, and 
only a very few authors were found who gave a clear and reason- 
able method of procedure for the development of a shallow-ground 
water supply. 

Hubbard and Kiersted in their book, “Water Works Management 
and Maintenance” have set down in simple language the following 
fundamental considerations which govern: 
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No more water can be continuously taken out of the ground than goes into 
it. 

The yield of the ground-water is dependent upon the character and extent 
of the catchment area and depth of the saturated water-bearing material. 

The velocity of flow of ground-water depends upon the character of material 
through which it must pass in gravitating from a higher to a lower level. 

The stability of the groiind-water supply depends upon the three consider- 
ations above stated as well as upon available ground storage at the point 
selected for developing the water-supply. 
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Fig. 1. SHALLoOw GROUND-WATER DEVELOPMENT AT WITT 


From a study of figure 1 it is seen that the area of the watershed 
northeast of Witt is 20 square miles, a sufficient catchment area 
from which to secure water for a much larger city. Evidently, 
then, we have a much greater promise of an adequate supply from 
this valley than from any point nearer the city with a less catch- 
ment area, assuming that we expect to develop a shallow-ground 
supply. 

Furthermore we see that the yield is dependent upon the depth of 
the saturated water-bearing material. With the large number of 
holes put down on this area the average depth of saturated water- 
bearing material was determined as approximately 20 feet. The 
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velocity of flow is governed in a large measure by the size of the 
sand and gravel particles, the coarse material permitting the water 
to flow much more freely. As stated above, the material ranged in 
size from fine sand to particles of gravel 1 inch in size, the samples 
taken from the different holes giving positive information on this 
point. 

The available ground storage in this case was determined by 
learning the length, width, and depth of the saturated water-bearing 
material, computing the storage in gallons on the basis of one-third 
the volume of sand being void space, and also on the basis that one- 
third the average annual rainfall, or 12 inches, was the available 
under-ground run-off. ‘Water Work Management and Main- 
tenance’ by Hubbard and Kiersted gives additional information on 
this point. 

It is thus seen that the elements of uncertainty as to the well 
supply have disappeared, that we have definitely determined the 
watershed area, the capacity of the underground storage basin, the 
size and quality of sand or gravel water-bearing deposit and the rate 
at which it may be expected that water will flow through the deposit 
to the wells. 

It is interesting to note here that engineers too frequently fail to 
cite their authority for engineering practice which they propose. 
The average water-works official is very slow to dispute an engi- 
neering principle laid down by an authority on the subject, just 
as he is slow to argue when his attorney cites some legal principle 
and presents his Supreme Court decisions or his other proper au- 
thorities. 

Testing supply. A most important feature in the development of 
a well supply of water, as considered by some authorities, is a long- 
continued pumping test, covering a period of several weeks or 
several months. While a sparkling stream delivered from a well for 
several weeks will look quite convincing to many officials, and in 
fact may prove of some value in a study of the supply, it is probably 
more often misleading than valuable. As an illustration, assume 
we desire to test a well by pumping at a rate of 1,000,000 gallons 
per day for 30 days, also that the deposit from which the supply is 
furnished has a storage capacity of 60,000,000 gallons, with a some- 
what limited watershed area. It is readily seen that the well might 
be pumped the full 30 days and appear to be strong at the end of 
this period, when as a matter of fact an additional 30 days pumping 
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would exhaust the supply. It is readily apparent, therefore, that a 
pumping test alone cannot be conclusive. 

The pumping tests at Witt were carried on over a period of about 
two weeks. It was frankly stated to the officials at the time, that a 
pumping test over any considerable number of days was not neces- 
sary in view of the previous knowledge of the fundamental elements 
which controlled the supply. During the time tests were being 
made, G. C. Habermeyer, acting chief engineer of the State Water 
Survey, was present and the following extract from his report of 
August 6, 1918, to the officials of Witt is here given: 


The test of the well indicated a large quantity of water available. A yield 
of 70 gallons a minute was secured when lowering the water level in the well 
about 8 feet to a depth of about 14 feet below the ground surface. (The well 
was 6 inches in diameter, and equipped with a No. 20 Cook screen, 6 feet long.) 
With a greater area of openings in screen or greater lowering of water level 
a greater yield would be secured. The ground water level was lowered but a 
little at a distance of 20 feet from the well. 


Special features of Witt system. The final plan at Witt was to 
construct a circular concrete pump house, 22 feet in diameter, 
built over two 10-inch wells spaced 18 feet center to center, the 
pump house being set 10 feet in the ground in order to reduce the 
lift of the centrifugal pumps. There will really be only about 6 
feet of lift for the pumps under present conditions, due to the level 
of the water in the ground. Another feature of interest is the rein- 
forced concrete water tank, built on the highest point in the city, 
the tank being 20 feet in diameter and 100 feet in height, the upper 
30 feet having 70,000 gallons storage capacity. ‘Two pumping units 
have been installed, driven by electric motors either of which has 
sufficient capacity to take care of normal requirements. The author 
believes it would have been a better plan to have installed possibly 
one electric motor and one automobile-type gasoline engine as an 
auxiliary source, each connected to a separate centrifugal pump. 

The total cost of the supply system, including wells, pumping 
station complete with equipment, 8-inch cast iron pipe line 3000 
feet long to city limits, and the 70,000 gallon reinforced concrete 
water tank, was less than $25,000 or about one-fifth the estimated 
cost of an impounded supply. The distribution system was let as a 
separate contract in 1919, and cost approximately $10,000 per mile, 
including valves and hydrants, the total cost of the distribution 
system being about $70,000 for the 7 miles. It is thus seen that the 
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entire cost of both the supply and distribution systems was only 
about 75 per cent of the estimated cost of an impounded supply 
alone. 

Value of rational method. Careful examination of the location of 
known shallow-ground wells with reference to area of watershed will 
demonstrate the proposition stated by Hubbard and Kiersted that 
“the yield of the ground water is dependent upon the character and 
extent of the catchment area and depth of the saturated water 
bearing material.” A most interesting illustration of this is found 
at Bloomington, Illinois, where the supply is secured from shallow- 
ground wells. Here the watershed area is only a few square miles 
at most, while the depth and area of the saturated water-bearing 
material is necessarily somewhat limited. Year after year desperate 
efforts have been made there to secure more water from this satu- 
rated water-bearing material, and yet the proposition that ‘no 
more water can be continuously taken out of the ground than goes 
into it’”’ has never been fully recognized in the study of the situation, 
unless possibly within the last months. 

Reference is made again to Hubbard and Kiersted; ‘‘Shallow- 
ground water supplies are usually developed from sand and gravel 
deposits in the valleys of creeks and rivers.”’ In this connection, 
what are the limits of the deposit at Bloomington? Does it con- 
tinue down the valley to a point where the catchment area and the 
depth of deposit are sufficient to supply a future city of 100,000 
people? What is the character of the gravel further down the valley? 
These are important factors, and could be definitely determined at 
very small expense. 

Recently there was witnessed an effort by a city of 5,000 popula- 
tion to secure a shallow ground-water supply from wells located on a 
catchment area of only about one square mile. Twelve or fifteen 
wells were put down on one 40-acre tract, and pumping water in 
one well lowered the water in all the others. This was hardly a 
rational method of water supply development. 

In another city a test was made on a shallow well, driven into 
about 11 feet of coarse gravel and the supply was pronounced a 
failure, when as a matter of fact there was a continuous deposit 
of sand up and down the valley, and available records of the State 
Geological Survey showed that there was a deposit of 90 feet of 
gravel within a quarter of a mile of the well tested, with about 50 
square miles of catchment area above it. 
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These are only a few cases which point to the necessity of careful 
study and intelligent application of the fundamental propositions 
which govern the development of shallow-ground water supplies. 

Goodell, in his book ‘‘ Water Works for Small Cities and Towns,” 
has also given valuable information on this rational method in the 
following language: 


The amount of water that may be obtained from deep and shallow wells is 
so often over-estimated that it is necessary to call attention to the fact that 
the quantity available depends on the same conditions as the amount of sur- 
face water, that is, the extent of the catchment area, the rainfall, the propor- 
tion of the rainfall entering the ground and the capacity of the basin to hold 
ground water. 


It will of course be borne in mind that where a deep or artesian 
well is to be developed, a careful geological examination will be 
necessary. 

Turneaure and Russell in ‘Public Water Supplies” refer to col- 
lecting areas for ground-water as follows: 


Deposits of porous material in old lake and river beds often furnish very 
good collecting-areas for ground-water, and many of the shallower ground- 
water supplies are from such sources. These deposits are usually covered by 
other and less pervious strata, and indeed often consist of a series of strata 
alternately of a pervious and nonpervious nature. This is particularly true 
of the lacustrine deposits in the basins of the Western mountain region. Old 
river-channels filled with debris of a porous character give rise to veritable 
ground-water streams. These may be located some distance from the modern 
streams, or may at places coincide with or underlie them, forming porous, 
gravelly beds. 

Examples of such ground-water streams are very numerous. Leipsic, 
Germany, is supplied from such a stream about 2 miles in width, 40 feet thick, 
and having a fall of about 6 feet per mile. The covering stratum is 6 feet 
thick and the velocity of flow is estimated at about 8 feet per day. Pueblo, 
Colorado, is supplied with water from a gravel-bed 66,000 squre feet in cross- 
section with an average depth of 14 feet and a length of 25 miles. Deposits 
of sand and gravel in the drift are often of considerable extent, and furnish 
many ground-water supplies, but such deposits are apt to be very irregular in 
character and uncertain in extent. They occur as accumulations in former 
stream-beds and also in the form of thin, irregular strata, sometimes of con- 
siderable extent, lying for the most part in valleys and covered with more or 
less clay. 


It occurs to the author that we too often fail to make our exami- 
nation sufficiently broad to learn the true location and character 
of the collecting-area from which we might secure well supplies. 


i 
° 


SHALLOW GROUND-WATER SUPPLIES 605 


It is a matter of record in this state as it is also in many others, 
that we have sand and gravel deposits scattered over a greater 
portion of the area, that they follow in a general way the old orig- 
inal valleys, sometimes conforming to the outlines of the present 
valleys; and it is the belief of the author that a careful application 
of the principles above outlined will enable many of our cities and 
towns to develop water supplies from such gravel deposits in an 
economical manner. 

Conclusions. In conclusion it is desired to direct attention to the 
following propositions. 

1. With a saturated water-bearing material located on a catch- 
ment area of proper extent a shallow-ground water supply will 
ordinarily be developed at far less expense than an impounded 
supply. 

2. The radius of investigation for shallow-ground water supplies 
should be increased so that it shall include not only the city limits 
but extend for a distance of five or possibly even ten miles, beyond 
the city limits, depending on local conditions, and the availability 
of an impounded supply. 

3. The quality of water secured from one test well in a valley may 
be entirely different from that in another well in the same general 
region, due to deposits in the original valley produced by the action 
of currents. Intersecting creeks and branches will very often show 
a marked influence on the character and quality of the saturated 
water-bearing material and the water contained therein. 

4. The quantity of water available from a saturated water-bearing 
material should be determined for various cities as fully as has been 
done in the case of Pueblo, Colorado, and comprehensive studies 
of this character should be made a matter of public record in order 
that the fullest use may be made of them by other towns and cities. 

The rational method of water supply development herein dis- 
cussed does not present any new theories, but does contemplate the 
application of known engineering principles along such broad, 
comprehensive lines as judgment and experience may dictate. 


DISCUSSIONS 


THE REMOVAL OF CLAY AND SILICA FROM WATER 


The paper in the May JournaL by Otto M. Smith, on “The 
Removal of Clay and Silica from Water,” is an interesting and 
instructive contribution. The behavior of colloidal matter in 
natural waters, when its removal is attempted with the usual coagu- 
lants at our disposal, is of prime interest to every operator of a 
water purification plant. 

The practical application of the principles of colloidal and phys- 
ical chemistry to these problems is much needed and has been 
urged by the writer for many years. The author brings out clearly 
by his illustrations and his charts the influence of protective colloids 
and electrolytes on coagulation of clay suspensions. This phase 
of the subject is an extremely important one, and needs more eluci- 
dation in actual practice. 

The writer only wishes that the author had found some method of 
measuring the degree of what might be called “effective coagula- 
tion;’”’ that is, for example, the least quantity of sulphate of alumi- 
num and the time necessary for this amount of coagulant to act 
that would have enabled the water to be filtered. This is of prac- 
tical importance in the operation of filter plants. Unfortunately, 
no numerical expression of the degree of coagulation has, as yet, to 
the writer’s knowledge, been proposed. There may be a consider- 
able difference of opinion, especially on the border line, as to whether 
a water is well or poorly coagulated, and some measure of this 
aggregation of colloidal particles is much needed. 

The writer hopes that more papers along this same line may be 


presented in the future. 
J. W. 


Last year and this year with a beginning of a flood coagulation 
at the Grand Rapids filtration plant has been extremely simple; 


1 Consulting Engineer, Cleveland, Ohio. 
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the turbidity is heavy and as the flood is heavy the alkalinity drops 
to 90 p.m. The entire turbidity changes as the alkalinity changes. 
The application of the alum has been reversed. Formerly the alum 
was added after the lime addition, but now alum is added first so 
that it works all the way along the mixing chamber. Then the 
lime is added and this procedure cleared the whole situation. 
WatTer A. SPERRY.? 


The paper on the removal of clay and silica from water brings out 
very clearly the difference between the presence of colloids and 
suspended matter in water, and indicates that the treatment of 
water for the removal of colloids should be along different lines 
from those ordinarily followed. The chemist at any water plant 
is familiar with the difficulties which arise at the time these colloidal 
matters are present. The method suggested, it would seem, might 
readily be adapted to those periods when the turbidity of the water 
is not lessened by the settling basin and the method should be tried 
out on plants where this condition exists. 

H. F. 


The author’s illuminating paper defines clearly the fundamental 
principles of the physics of colloids, as well as gives some results of 
experiments with coagulation, which go far in explaining the diffi- 
culties in chemically treating a coagulating water containing silicic 
acid and finely divided clay. The writer gathers from the article 
that the author advises as the best treatment for clayey waters con- 
taining colloidal silica, the addition of enough lime to slightly more 
than neutralize the carbonic acid, followed by the addition of iron 
or aluminum sulphate until coagulation is produced,—the lime 
increasing the concentration of OH ions and decreasing that of 
H ions, thereby preventing dispersion of the silica. 

While this practice is proper and efficient for clayey waters, it is 
not the one which governs the coagulation of soft, slightly alkaline 
waters containing colloidal silica and color. The Metropolitan 
water of Boston, which has the composition given on the next page, 
is a good example of this kind of water: 


2 Chemist, Filtration Plant, Grand Rapids, Mich. 
* Chemist, Filtration Plant, Springfield, Mass. 
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For the coagulation of this water, between 0.19 and 0.28 milli- 
gram equivalents of sulphate of alumina are required, the former 
amount producing no appreciable coagulation even after 72 hours 
standing, and the latter acting in less than 24 hours. 

Now, if lime be added to the untreated water until it reacts red 
to phenolphthalein, the coagulation is retarded, while if half equiv- 
alent amounts of sodium carbonate be added, coagulation is accel- 
erated, and 0.19 milligram equivalents of sulphate of alumina suffice 
to coagulate the water after 72 hours. If equivalent instead of half 
equivalent amounts of soda be added, the colloidal precipitate is 
apparently dispersed. 

The sample to which 0.28 milligram equivalents of sulphate of 
alumina were added was analyzed before treatment, and after 
treatment and filtration, respectively, with the following results: 


Results of partial mineral analysis of Metropolitan water before and after 
treatment with sulphate of alumina 


PARTS PER MILLION 


SUBSTANCE 
Untreated 
water 


Treated water 


2.1 


1.0 


It will be noted that the amount of silica is appreciably reduced 
by coagulation, and if soda be added, this amount is still further 
reduced. 

In repeated cases in practice, where brown, slightly alkaline 
waters have to be purified, and the addition of an alkali is necessary, 
the writer has found that apart from its convenience, sodium car- 
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bonate is a more efficient reagent than calcium hydrate. On the 
other hand, if the sodium carbonate be added in equivalent quanti- 
ties, coagulation is frequently prevented, or, in other words, the 
“‘floc’”’ reverts to the colloidal state. Frequently these waters can 
be overtreated with sulphate of alumina, and coagulation produced. 
Then, if too much soda be added, the reversion of coagulation takes 
place before filtration. 

The writer believes that the author could have thrown a great deal 
of light upon the problem, had he determined the hydrogen ion 
concentration of the various solutions experimented with. It 
should be borne in mind in considering this question that recent 
research work has shown that a water may be alkaline to the usual 
indicators and still contain free carbon dioxide; therefore, the impor- 
tance of determining the reaction of the water by measuring the 
H ion concentration electrolytically rather than by titration with 
the different indicators. 

A condition analogous to that of coagulation is the prevention of 
the corrosive action of lead by the addition of lime to produce a 
coagulation of the lead carbonate on the surface of the lead service 
pipe, thereby preventing corrosion of the metal. In a recent paper, 
Liverseege and Knapp‘ have shown that the best conditions for the 
protection of service pipes are those which the author suggests to be 
best for the treatment of clayey waters, namely the addition of 
enough calcium carbonate or hydrate to remove the free CO, and 
produce the maximum amount of bi-carbonates. The writer wishes 
to praise Mr. Smith’s important contribution to our knowledge of 
water purification, and his very interesting and useful diagrams 
which accompany the paper. The application of physical chemis- 
try to the problems of water purification has only begun, and it is 
the writer’s belief that to this branch of chemistry we must look for 
important advances in the future. 

RoBerT Spurr WEstTon.5 


Before commenting on the preceding discussions of his paper, the 
author desires to express his gratitude to Professor W. F. Monfort 
and Dr. Edward Bartow, under whose direction this investigation 
was made, for their interest and many helpful suggestions during the 
progress of this work. 


4 Jour. Soc. Chem. Ind., 39, 32T. 
5 Consulting Engineer, Boston, Mass. 
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The author heartily agrees with Mr. Ellms that a numerical 
method of expressing the ‘‘degree of what might be called effective 
coagulation” is much needed for both practical and scientific pur- 
poses. He attempted to establish some similar unit for use in this 
paper, but failed because of irregularity in the number, size, form, 
gravity and absorptive power of the coagulated and uncoagulated 
suspended particles and the difficulty of evaluating these different 
factors. 

In connection with Mr. Sperry’s note, it is worth noting that in 
coagulating water from the Red River at Shreveport, La., it was 
found economical to apply the alum first and follow with lime. 
In treating flood water on the Arkansas River it was found that as 
the turbidity decreased after the crest of the flood had passed the 
coefficient of fineness of the suspended material decreased and the 
alum consumption increased. This ‘“‘colloidal water’ showed a 
characteristic milky white appearance. 

In regard to Mr. Weston’s comments, it may be said that the 
action of lime is twofold, that of supplying a sufficient concentration 
of OH ions and at the same time furnishing bivalent cations which 
have greater coagulating effect on silicic acid and colloidal clay than 
the monovalent. The Metropolitan water of Boston has consider- 
able amount of color which is probably colloidal and which reacts 
with the lime. It is conceivable that this combination of color, 
lime, and color and lime may disperse or protect the small amount 
of silicic acid and clay. The action of alum and Na,CO; is shown 
in the following table: 


Effect of Na2CO; on the coagulation of a clay suspension by Al.(SO4)3* 


MILLIEQUIVALENTS OF NazCOs ADDED 
MILLIEQUIVALENT OF 
ALUMINUM 

0.5 1.0 

0.00 400 400 

0.30 125 400 

0.45 125 125 

0.60 175 65 

0.75 400 125 

0.90 400 100 


* Results expressed as turbidities at the end of 1} hours. 
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A similar effect is shown in figure 6 in the paper,* in which 


0.09 milliequiv. Al. coagulates with 0.00 added NaOH 

0.12 milliequiv. Al. coagulates with 0.09 milliequiv. added NaOH 
0.18 milliequiv. Al. coagulates with 0.18 milliequiv. added NaOH 
0.55 milliequiv. Al. coagulates with 0.36 milliequiv. added NaOH 


In both examples it is clear that as the carbonate or hydroxide is 
increased the amount of alum required is likewise increased and that 
increasing the alum or the carbonate or hydroxide does not always 
insure coagulation. A suspension containing 0.09 to 0.18 milli- 
equivalents of NaOH is coagulated by 0.12 to 0.18 milliequivalents 
of aluminum but not coagulated (dispersed) when about 0.55 milli- 
equivalents is used. There must be a proper proportioning of the 
reagents in order to obtain coagulation. 

Some H ion concentrations were made by the colorimetric method, 
but the results showed so little difference between coagulation and 
dispersion that no further work was done. The author agrees that 
by using the electrolytic method some valuable information may 
be obtained. 

Ortro M. Smrru.’ 


MEETING THE SHORTAGE OF UNSKILLED LABOR 


The writer has just returned from an extensive trip covering the 
entire West, where he found from the time he left Chicago until he 
reached the Pacific Coast, thence from the Mexican to the Canadian 
borders, that the main topic of conversation, whether it was banker, 
farmer, merchant or engineer with whom he conversed, was the 
shortage of unskilled labor. This because the same was not only 
affecting the production of their farms and their industries but 
because it was also seriously handicapping many large engineering 
projects whose furtherance was being stunted on account of the 
lack of economical labor as represented by “‘The pick and shovel 
and wheelbarrow man.” 

The writer also found that some of the thinking people of the 
West were endeavoring to solve the question and have started 
active work in sounding sentiment as regards the modifying of the 


6 JouRNAL, May, 1920, p. 309. 
7 Chemist, Proctor & Gamble Company, Ivorydale, Ohio. 
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Exclusion Act, so as to permit the importation of a limited number 
of Chinese laborers to do the menial and rough work which our white 
labor will no longer do. Such labor to be admitted under the direct 
supervision of a commission representative of our different govern- 
mental departments, the farming, labor and business interests of 
the country. This commission would supervise their employment 
so that they would not compete with our American labor nor reduce 
their standard of living. The importance of the question involved 
and of the movement impressed the writer so much that he con- 
cluded, on his return to Chicago, that he would endeavor to learn 
how the members of our profession feel about this all-important 
question. 

As an engineer, the writer is certain that engineers realize that it 
is up to them to assist in solving this vital problem of securing a 
source of supply of common labor, which would be both economical 
and efficient, if they wish to see the many engineering projects, in 
which they are directly or indirectly interested, completed. Unless 
they do interest themselves more than passively many of the large 
projects under consideration will be held in abeyance, because there 
is no question but that one of the greatest items of cost of con- 
struction today is labor. 

As city engineer of Chicago for 22 years, the writer’s experiences 
have been many as to how the increased labor costs have affected 
construction. Realizing what the securing of economical labor 
means to the future of the engineering profession, because of the 
effect the present abnormal labor conditions is having on capital 
seeking new development projects, the writer concluded that it is 
timely to make a survey and is desirous of securing opinions rela- 
tive to the importation of Chinese labor under the above-mentioned 
conditions. 

The eyes of the world are upon America. Europe has been 
drained of its manhood. Continental industry has been crippled 
beyond hope of immediate reparation and the foodless populations 
of devastated countries now look to us for salvation. Shall we sit 
idly by and permit antiquated and perverted notions of “economic 
necessity” to stultify our efforts? Or shall we assert the cause of 
righteousness and, recognizing the needs of the hour, pronounce to 
the world that America is prepared to continue the pace in the 
race for progress already set by tireless workers of reconstruction? 
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As the law of supply and demand governs at all times and with 
the demand here and not sufficient supply available, the writer 
believes it is up to engineers to do something. 

JouNn Ericson.® 


THE SECTIONS? 


Our Association must depend for future growth upon the develop- 
ment of its Sections. There must be strength in our Sections in 
order that the Association as a whole may develop. I do not believe 
that we can, with one meeting a year, develop as a truly national 
organization. There cannot be enough vitality, enough mutual 
interest and mutual understanding, when the only personal contact 
among our members is a single annual meeting attended by a small 
percentage of our membership. 

Coéperation is the basis of active Association work, and coépera- 
tion exclusively by correspondence is likely to lack force and unity 
of purpose. Men must get together personally, learn to know each 
other and to talk to each other, before they can work together to 
the best advantage of each and all. The Sections give this oppor- 
tunity for mutual acquaintance and the interchange of useful infor- 
mation. Every month, at least, each of us has some problem we 
will be glad to talk over with some one having experience which will 
help us. Attendance at Section meetings will give us the wide circle 
of acquaintance which enables us to go to the right man for advice 
on our problem. Without such acquaintance we must work out 
our salvation without the benefit of the experience of those who 
have already worked it out, which is a most wasteful procedure. 

We are meeting today under unexpected difficulties due to an 
outlaw strike of railway men. They, like many others, seem like 
the Mock Turtle, who told Alice when she was in Wonderland that 


§ Consulting Engineer, Chicago. As this communication goes to the 
printer, Mr. Ericson reports 608 engineers have written to him favoring im- 
portation of Chinese labor, 74 are somewhat inclined toward that opinion, 
86 favor other immigration, 10 advocate use of labor-saving machinery, 95 
are neutral, 101 are against any more immigration and 28 have asked for fur- 
ther information. The general results have been so favorable that a National 
Immigration Council has been formed, with Mr. Ericson as chairman.— 
Editor. 

® Informal discussion at a meeting of the 4-States Section, Philadelphia, 
April 16, 1920. 
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he was studying mathematics—ambition, distraction, uglification 
and derision. This seems to be the study of many men throughout 
our far-reaching country, and it is something that we, managers of 
the most vital of urban utilities, must combat. It is up to us to 
set an example of efficient and loyal service to the public which 
depends upon us. We can do this best if we have behind us a strong 
and forceful national association. The lack of such an organization 
was evidenced during the World War, when the water works alone 
among the public utilities was without an official representative at 
Washington to look after their interests. That experience showed 
how far the American Water Works Association must go before it 
can be completely representative of the water supply business. The 
Association can become completely representative, but not until 
the water works of each geographical section are more closely united 
than they are today, a union best accomplished by building up 


strong Sections. 
CARLETON E. Davis.!° 


What our President has said about Sections is exactly right. 
There is a feeling that men interested in any industry, particularly 
a quasi-public industry, can get together in some way in a national 
organization that will give them a lot of importance at home. This 
is an idle dream. Reputations that carry influence at home are not 
made in that way. They are made right at home, where everybody 
has a chance and a right to criticize and to praise. 

Take our business of supplying water. It is the most important 
public utility business in a city. It is one of the biggest enterprises, 
public or private, in a city. It calls for technical knowledge, busi- 
ness ability and a lot of tact. It is a business to be proud of; a well- 
run water department is something every citizen should be ready to 
praise when he talks about his city. Usually the citizen has no 
knowledge of the water department except that it furnishes some- 
thing he needs daily at a price he usually considers too high. He 
may see occasionally an annual report full of such exciting informa- 
tion as pounds of coal burned in the pumping station, gallons of 
water pumped one foot high, valves set and pipe laid. No attempt 
is made to show him what a big business is conducted by the water 


10 Chief, Bureau of Water Supply, Philadelphia; President, American Water 
Works Association. 
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department in which he is a stockholder. What little he sees in 
print about the work is as interesting as the unlettered side of a 
flour sack, It is not his fault that he lacks interest in the water 
works, for there has been no proper attempt to make him acquainted 
with this big business. The water supply business is shoved into 
the background because there is nobody to put it into the prom- 
inent place it deserves and then keep it there. When the appeal of 
the water department for needed extensions is turned down, we go 
home and work off our disappointment by kicking the dog or other- 
wise misbehaving privately, but do we ever go out among our ac- 
quaintances and tell them how necessary these extensions are and 
why they ought to be made now, and work up a public demand for 
them which must be satisfied? Better, do we create this public 
demand before we ask for the extensions officially? Very, very 
rarely, and therein is the reason that water departments are under- 
estimated by the public. Everything must be sold these days; 
the person who thinks the public is hunting for meritorious objects 
upon which to spend public funds, searching for them with the 
patience of an astronomer seeking new stars, is deceiving himself. 
It is necessary to use publicity to reach the public in these days. 

What all this has to do with Sections may seem remote, but there 
is a connection worth your consideration. It has seemed to me 
that the engineering center of the United States, if the influence of 
engineers on public affairs is considered, is neither New York nor 
Chicago, despite the loud claims of each for this honor. Nashville, 
Tenn., is the center of engineering influence in this country, for the 
little group of engineers in its vicinity exercises a truly powerful 
influence on all engineering aspects of public affairs. It is not merely 
a local city matter. A governor of the state once found this influ- 
ence greater than his own when he thought he should place political 
pull above engineering ability in filling a technical place. The local 
politicians dislike to go to this little association for advice in filling 
places requiring technical knowledge, but they always do so, having 
learned that it is better to get the credit of a good appointment than 
to be licked in trying to force a bad one. No public engineering 
question is settled down there until the local engineering association 
has talked it over. Nobody there thinks of passing an opinion on 
engineering matters until engineers have been consulted, Nashville 
being about the only place in the country of which this can be said. 
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Here, then, we have a busy, prosperous community where the 
technical men have standing and influence just because they are 
specialists and not because they belong to some national organiza- 
tion. It has all come about through intelligent team work at home, 
through the recognition of the fact that the average citizen wishes to 
have the public works well run and likes to know about them if 
somebody will only tell the story to him in plain English, without 
technical jargon, ponderous tables or mathematical fireworks, all 
right enough for an engineering fiesta but out of place elsewhere. 

This little Nashville technical organization meets frequently, 
beginning its sessions with an informal, sociable lunch or dinner, at 
which every engineer visiting the city is welcome and to which each 
local newspaper is invited to send a reporter. It might be added 
that the reporters look upon assignments to these meetings as 
prizes and the newspapers see that their best available men are sent 
to them. At these gatherings, in addition to occasional formal 
papers, there are dicussions of all local engineering subjects, usually 
brought up as soon as they occur to somebody and kept alive at 
subsequent meetings as they develop in importance. When the 
time comes to talk to the public about one of these subjects, the 
reporters not only know about it but know where to go for further 
reliable information. The members know about the importance of 
the subject, even if it is one in which they are not personally con- 
cerned, and they make it their business to talk about it to all their 
acquaintances. ‘This last thing is the big achievement of the Nash- 
ville technical men. They know how to convince their friends that 
technical advice should be followed on technical subjects, and they 
realize that their obligation to their professions as well as their 
duty as citizens requires them to talk to their acquaintances about 
these things and gain support for them. 

It has long seemed to me that our own local Sections should 
follow some such plan. Our Iowa Section has already begun to 
take an active part in molding water works legislation in its state. 
Great progress in influence can be made by every Section by follow- 
ing the methods of the engineering association of Nashville. There 
is nothing undignified in insisting among acquaintances that water 
works affairs should be handled by men who understand them. 
There is nothing immodest in telling a citizen about the interesting 
features of the local water works just because one is connected with 
it. Chambers of Commerce and other influential local organiza- 
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tions should be educated to an appreciation of what a good water 
supply means and what is necessary to furnish it. Our Sections 
should not be little mutual-admiration affairs, wholly self-centered, 
but local institutions respected for their intelligent, active interest 
in all aspects of water supply in their districts. With such Sections 
exerting a real influence, just as the Nashville association exercises 
a real influence, the future of the American Water Works Associa- 
tion as an important national society is assured. It is a mere dream, 
a forlorn hope, to expect to accomplish much by building up the 
Association except on the foundation of strong local Sections. The 
country is too big, local interests are too diverse, the opportunities 
for personal acquaintance are too few, for a very large national 
water works association which does not rest in some way on local 
bodies. On the other hand, the local Sections can by no possi- 
bility accomplish alone so much as they can as parts of a national 
organization. 
Joun M. Goopeuu." 


11 Editor, American Water Works Association. 


PROGRESS OF AMERICAN COMMITTEE ON 
ELECTROLYSIS 


Report TO AMERICAN WATER WorKS ASSOCIATION 


Early in 1919, the American Committee on Electrolysis resumed 
its activities interrupted early in 1917 by the World War. Under 
date of October, 1916, the Committee issued in a small volume “A 
Preliminary Report Prepared for Submission to its Principals.’ 
Determination of methods of mitigation of electrolysis, based on the 
study of conditions found in utility systems and on laboratory 
research, constitutes the second part of the Committee’s task. This 
is the work which has been in hand since the close of the war under 
the direction of the Technical Sub-Committee. 

No change has occurred in organization membership of the 
American Committee; the same nine organizations have three rep- 
resentatives each. Some changes of representatives have been 
made, but many of the men in the Committee from the early days 
remain. Bion J. Arnold, of Chicago, continues as Chairman, and 
Dr. E. B. Rosa, of the Bureau of Standards, as Secretary. At a 
meeting March 31, 1919, the American Committee created a com- 
mittee to codperate with the Bureau of Standards in electrolysis 
research. This committee was organized August 16, 1919, as the 
Research Sub-Committee, and has seven members, one from each 
kind of interest represented in the American Committee. Each 
member was authorized to have the assistance of an expert in elec- 
trolysis, unless he himself could act as the expert representing his 
organization in field and laboratory work, and in conferences with 
the Bureau of Standards. Each organization undertook to bear 
its own expenses (including compensation of its expert) in codper- 
ating with the Bureau of Standards. The members of the Research 
Sub-Committee and the additional experts are: 
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ORGANIZATION 


INTEREST 


EXPERT 


American Gas Asso- | Supply systems for} H. C. Sutton W. H. Ful- 

ciation manufactured weiler 
gas 

American’ Railway | Electrified steam | E. B. Katté 
Association railways 

American Telephone | Telephone and tel- | H. S. Warren | Elam Miller 
and Telegraph Co. egraph cables 

American Water | Water pipes E. E. Minor L. A. Hazel- 
Works Association tine 

National Electric | Power cables. Philip Torchio | Alex. Maxwell 


Light Association 


Natural Gas Associa- | Supply systems for | 8. S. Wyer 
tion of America natural gas 

American _ Electric | Electric street | L. P. Crece- | V. B. Phillips 
Railway  Associa- railways lius 


tion 


H. S. Warren was elected chairman, and H. 8. Sutton secretary. 


The American Water Works Association, to meet its expenses in 
cooperating with the Bureau of Standards in the scientific investi- 
gation of electrolysis, appealed to its membership and to water com- 
panies and departments for subscriptions. To May 1, 1920, $2,235 
have been received by the Treasurer, and $572.68 expended. The 
Bureau of Standards and the Research Sub-Committee are studying 
actively: 

1. Automatic Sub-stations for Electric Street Railway Systems, 
and their effect upon electrolysis; 

2. Three-wire installations for electric street railways, results 
attained and possible use; 
. Joint corrosion in gas and water pipe lines; 
. Electric drainage systems for pipe lines; 
. Analysis of soils as to qualities affecting electrolysis; 
. Fundamental study of corrosion; 
. Heating effect of stray currents on cable sheaths; 
. Explosions caused by stray electric currents on gas piping 
systems. 

Field work by the Bureau of Standards in coéperation with Sub- 
committee has been, or is, in progress in the following cities: 
1. Des Moines, lowa—Automatic Sub-stations. 
2. Springfield, Mass.—Three-wire railway systems. 
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3. Memphis, Tenn.—Joint corrosion, with reference to electrical 
drainage. 

4. Kansas City, Mo.—Joint corrosion, with reference to electrical 
drainage. 

5. Denver, Col.—Joint corrosion, with reference to electrical 
drainage. 

6. St. Louis, Mo.—Joint corrosion, with reference to electrical 
drainage. 

7. East St. Louis, I1]—Joint corrosion, with reference to electrical 
drainage. 

Studies of Joint corrosion have been suggested in the following 
cities: Pittsburgh,! Detroit, Chicago,! Dayton, Cleveland, Altoona, 
Nashville, Chattanooga, San Francisco, Los Angeles, New Orleans.! 

Chicago passed an ordinance in September, 1919, relating to the 
electrification of portions of the Illinois Central and the Michigan 
Central railways, in which provision is made for the adoption of 
such electrolysis mitigation measures as may be recommended as 
practicable by the American Committee on Electrolysis. 

Publicity will be carefully controlled by the Committee. The 
Research Sub-committee has a Sub-committee on Publicity, whose 
members are: S. 8S. Wyer, of the National Gas Association; L. P. 
Crecelius, of the American Electric Railway Association, and 
Alexander Maxwell, of the National Electric Light Association. 

The American Committee on Electrolysis has sub-committees 
also on: 

A. Principles, Definitions and Theories. 

B. Technical features of construction and operation. 

C. Methods of making electrolysis surveys. 

D. European practice. 

Beginning in September, 1919, the Research Sub-committee has 
held frequent meetings. Several of its members and experts have 
joined the Bureau of Standards in investigations which the Bureau 
was conducting in various cities. The Bureau has assented to such 
modifications of its field work and reports that the Sub-committee 
can act thereon without prejudicing the various interests which the 
Sub-committee represents. The Bureau has also stated that its 
specific reports will not be published. 

Your representatives advise the approval by the American Water 
Works Association of the practice of grounding the secondaries of 


1 Postponed indefinitely. 
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lighting transformers to water pipes, provided that the grounding 
is done in accordance with the rules of the “National Electrical 
Code’”’ and the “National Safety Code.’’ This practice has for its 
object the safe-guarding of life, and does not, in the opinion of your 
representatives, constitute any hazard to the piping system. 

Your representatives wish to express appreciation of the able and 
loyal manner in which the expert representing the American Water 
Works Association is performing his duties and the very moderate 
charges which he is making for his valuable services. 

Aurrep D. Finn, 
§. 
EK. E. Minor. 
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REPORT OF THE FINANCE COMMITTEE FOR THE 
FISCAL YEAR ENDING MARCH 31, 1920 


The Finance Committee present the following report on the finan- 
cial operations of the Association for the fiscal year ending March 
31, 1920. 

We have audited the books of the Secretary and Treasurer and 
found then correct. We have examined and verified all vouchers. 
The respective reports of the Secretary and Treasurer set forth the 
details of the financial affairs of the Association, and are in accord- 
ance with their books. 

At the outset you will be interested to learn that notwithstanding 
the fact that the expenses of the Association during the year just 
passed exceeded those of the previous year by 52 per cent, due to 
an increase of 95 per cent for printing and distributing the JouRNAL, 
rent of the Secretary’s office in New York, a new charge hitherto not 
borne by the Association, increased salaries of the Secretary and the 
Editor, and less important increases in expense in practically every 
department of operation; nevertheless, the net loss on the year’s 
operations amounts to but $147.24. A net gain in membership of 
181 increased the revenue from initiation fees and dues by 27 per 
cent over last year. 

In connection with the increased cost of printing and distributing 
the JouURNAL this year as compared with last year, it is not to be for- 
gotten that we are now publishing six numbers annually instead of 
four. Details respecting this point are to be found in the report of 
the Publication Committee. 

Following is a summarized statement of the past year’s accounts: 


Summarized statement of accounts for the fiscal year ending March 31, 1920 
Balance on hand in bank, April 1, 1919........ $1,603 .03 
American Foreign Security Company notes, 


Received from the Secretary.............. ; 
Interest on Investments and Deposits..... 


2,000 .00 

$17,209.53 


FINANCE COMMITTEE’S REPORT 


There was disbursed and paid by the Treas- 
urer on vouchers duly authorized and 
audited by the Finance Committee for the 
general operations of the Association...... $13,817.01 

There was added to the permanent investment 


$14,817.01 


Leaving on April 1, 1920, a balance in bank to 
the credit of the Association of............ $2,392 .52 


PERMANENT INVESTMENT FUND 


On August 1, 1919, the two $1000 American Foregin Security 
Company 5 per cent Notes fell due and were taken up by that Com- 
pany and the cash deposited in bank to the credit of the Association. 
During the year one $1000 U. S. Victory Loan Bond was purchased 
and paid for. There are now in the hands of the Treasurer, by 
authority granted the Finance Committee by the Executive Commit- 
tee, certificates constituting the Permanent Investment Fund of the 
Association, as follows: 


Four $1,000 Dominion of Canada 5% Bonds due April, 1931.. $4,000 
Four $500.00 United States 1st Liberty Loan Bonds, 33%.... 2,000 
One $1,000 United States 2nd Liberty Loan Bond, 44%...... 1,000 
Two $1,000 United States 3rd Liberty Loan Bonds, 444..... 2,000 
Two $1,000 United States 4th Liberty Loan Bonds, 44%..... 2,000 


One $1,000 United States Victory Loan Bond, 42%.......... 


Par Value of Permanent Investment Fund.................. 


It will thus be seen that the par value of the permanent invest- 
ment fund is now $12,000, whereas last year it was $13,000. How- 
ever, the balance in bank on April 1, 1920, exceeds the balance on 
April 1, 1919, by $789.49. There is a credit item of $63.27 for 
binding cases paid for and now on hand. The net deficit for the 
year’s business is therefore $147.24, as before stated. 


BUDGET ALLOWANCES AND DISBURSEMENTS, 1919-1920 


Following is a statement of the budget allowances and disburse- 
ments for the past fiscal year: 


4 
623 
‘ 
{ 
vied 
«1000 
$12 000 


624 FINANCE COMMITTEE’S REPORT 


Items A _ Disbursements 
$700 .00 $608 .08 
200 .00 225.72 
Committee 1,000 .00 1,033 .01 
400 .00 399 .84 
Salary of Assistant to Secretary............ 1,200.00 1,200.00 
0.00 540 .00* 


* Six months. 


It will be noted from the above that the election expenses slightly 
exceeded the budget allowance. It is understood that certain 
amendments to the Constitution are to be proposed at this meeting 
which will serve to reduce the expense of annual elections. Com- 
mittee expenses, largely through unanticipated expenditures by the 
Membership Committee, also slightly exceeded the budget allowance. 
The results accomplished by this Committee, however, appear to 
amply justify the expenditures made. 

Disbursements under all other budget items were kept within the 
allowance. A new item of expense, not provided for in last year’s 
budget, was office rent. Heretofore the Association has profited by 
non-payment of rent of the Secretary’s office. Last August, however, 
the Secretary made a change in his business relations and moved to 
New York. It therefore became necessary and proper in the circum- 
stances for the Association to provide and pay for office space at his 
new address, and this the Executive Committee did, and thus 
incurred an additional expense, but one which could not be avoided. 


RECOMMENDED BUDGET FOR THE YEAR 1920-1921 


Respecting the budget for the fiscal year ending March 31, 1921, 
on the basis that the modus operandi of the Association will remain 
substantially as at present, your Committee recommends that the 
following allowances be made: 
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Salary of Assistant to Secretary..................ceeeeeee 1,200.00 


The question naturally arises as to how, without drawing upon its 
permanent investment fund, the Association can finance this budget. 

Last year the net total expenditures were $13,195.47. Add to 
this $540 for six months office rent will produce a true total for an 
entire year, or $13,735.47. The budget just recommended is for 
$1,614.53 more than the total operating expense of last year. It 
provides $300 and $200 more than last year for office and commit- 
tee expenses, respectively, $200 more for Section expenses, and an 
increase of $200 in the annual salary of the Editor. 

Last year’s net income from initiation fees, dues, interest on de- 
posits and investments and sales of reprints and other Association 
publications was $12,977. To meet next year’s proposed budget 
would require $2373 more than last year’s net receipts. Accordingly 
your Committee recommends that the dues of corporate members, 
107 in number on April 1, 1920, be increased to $10 per year, and 
that of associate members, of whom there were 133 on April 1, 
1920, to $15 per year. This would increase the annual revenue 
by $1200. It is also recommended that the dues of active members 
be increased $1.00 per year. This would add $1177, thereby increas- 
ing the revenue from dues to a total of $2377 per annum. 

The justice of increasing the dues of the corporate members is 
apparent. These for the most part are water companies, water 
boards and public utilities companies who, through corporate mem- 
bership, derive full benefit of the Association for their entire staffs, 
the only restriction being that each corporate membership can cast 
but one vote. The argument favoring increased dues for associate 
members comes generally within the same category. All members 
are now receiving six numbers of the JouRNAL each year instead of 
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four, consequently, in view of all the existing conditions, it would 
seem justifiable to increase the dues of active members, also. 


BENEFITS TO THE ASSOCIATION UNDER THE NEW BUDGET 


Increases in the proposed budget for the year 1920-1921 over 
last year’s allowances are found in the respective items for (a) Office 
Expenses; (b) Committee Expenses; (c) Section Expenses; (d) 
Salary of Editor; and (e) Office Rent. 

By increasing the office expenses from $700 to $1000, it is antici- 
pated that the cost of elections, new membership campaigns and 
other essential duties of the Secretary’s office will be cared for in an 
adequate manner. Committee expenses last year amounted to 
$1033.01, and yet the Executive Committee held no meeting. It is 
the opinion of your Committee that financial provision should be 
made to defray the expense of at least one such meeting should it 
appear necessary. As to Section expenses, it appears wise toincrease 
this allowance from $400 to $600 to meet the still increasing cost of 
holding such meetings and the demands of two new Sections. This 
year’s budget provides for an increase in the salary of the Editor 
from $1000 to $1200 per annum. His work in getting out six num- 
bers of the JouRNAL certainly is greater than when but four num- 
bers were published, and it is known to your Committee that out 
of his salary he is actually obliged to make quite substantial money 
outlays, and that he is giving about one-third his time to the work of 
the Association. In the opinion of your Committee the increase 
in his salary recommended herein is amply justified, as the Associa- 
tion is receiving from his efforts far more than it is paying for them. 
The item of office rent needs no explanation. 

The Treasurer’s report contains a statement of the condition of 
the Electrolysis Investigation Fund. Thirty-nine contributions to 
this fund amount to $2233. The disbursements from the fund 
during the past fiscal year total $532.68. The balance on hand in 
this fund on March 31, 1920, was $1702.32. 

The Treasurer is under bond for $10,000 in accordance with the 
order of the Executive Committee. The bond is in the custody of 
the Chairman of the Finance Committee. 

Finally, your Committee would recommend that a report in the 
form of a budget depletion statement be rendered each month to the 
Executive Committee setting forth the receipts and expenditures 
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of the previous month, and liabilities incurred for which no bills 
have been rendered. This will keep the governing body of the 
Association fully and continuously informed respecting all financial 
operations. 
GrorGE A. JOHNSON, 
Chairman. 
J. WALTER ACKERMAN, 
GrorGe C. ANDREWS, 
Finance Committee. 
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ANNUAL REPORT OF THE PUBLICATION COMMITTEE 


The Publication Committee was instructed by a vote of the Asso- 
ciation at the last annual convention to publish the Journat bi- 
monthly for a year as an experiment. The Committee has accord- 
ingly issued six numbers, including that for July, now in the press. 
These numbers have 1168 pages of text, 144 line illustrations and 44 
halftone illustrations. This is 558 pages in excess of the 1919 Jour- 
NAL, 672 pages more than in 1918, 434 pages more than in 1917 and 
148 pages more than in 1916. In addition to printing many more 
pages than heretofore, more papers and articles have been published. 
With the hearty coéperation of the authors in most cases, many of the 
articles have been more or less condensed before publication, thereby 
saving a considerable sum which would otherwise have been paid 
to the printer without any substantial benefit to anybody. 

In order to carry on this work to the best advantage, your Com- 
mittee has held monthly meetings, at some of which it had the bene- 
fit of the presence of President Davis. The fact that a representa- 
tive of the Finance Committee was a member of the Publication 
Committee was particularly helpful, because there were heavy ad- 
vances in printing charges during the year and the financial features 
of the publication work had to be watched carefully. 

Printing expenses.—The expenses for publishing the JouRNAL have 
been greatly increased as a result of the rise in the cost of everything 
in the printing trade since the beginning of the World War. The 
Association’s printers, the Williams & Wilkins Company, of Balti- 
more, which is the only printing company specializing in publications 
like the JourNAL which your Committee has been able to discover, 
advised us early in 1920 that in the last six years the wages of their 
compositors and pressmen had been advanced 116.8 per cent, bind- 
ing room men 75 per cent, binding room girls 80 per cent, and 
cutters 88 per cent. The classes of paper used in the JouRNAL had 
been increased from 100 to 130 per cent. In view of these condi- 
tions the printers could continue our work no longer without an 
increase of 35 to 65 per cent in various classes of type setting and 
over 10 per cent in paper and press work, above the figures that were 
the basis of the budget for the current year. 
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All publishers have been facing the same conditions. James H. 
McGraw, president of the McGraw-Hill Company, the largest pub- 
lishers of technical journals and books in the world, has informed your 
Committee that the paper for their publications has been steadily in- 
creasing in price and now costs about 300 per cent more than in 1916. 
During this four-year period there has been a 68 per cent increase in 
wages for hand compositors, proof readers and linotype operators, 
88 per cent for pressmen, 58 per cent for monotype keyboard opera- 
tors, 193 per cent for bindery girls and 94 per cent for bindery men. 

The following statement was recently given out by the publishers 
of The Outlook: “During the past three years the cost of the paper 
on which The Outlook is printed has increased 100 per cent. The cost 
of typesetting, printing, binding and mailing has increased over 50 
per cent.” 

In view of the mounting costs, your Committee made a careful in- 
vestigation of the possibility of obtaining a satisfactory class of work 
from other printers at a lower price than the Williams & Wilkins 
Company was willing to make. A few estimates were obtained at 
lower prices, one at a considerably lower price, but all were accom- 
panied by conditions introducing so many extra charges that they 
were not definite as to the quality and cost of the work. Your 
Committee accordingly advised the Finance Committee to accept 
the terms of the Williams & Wilkins Company. In case any further 
advances are made during the current fiscal year of the Association, 
the appropriation for the JouRNAL in the budget recommended by 
the Finance Committee at this convention will be insufficient to 
bring out six numbers, a fact which your Committee desires to put 
on record here for the benefit of the next Publication Committee. 

Abridgment of papers.—On account of the high printing costs, 
your Committee has exercised to a greater extent than heretofore the — 
Constitutional editorial privileges it possesses. It has thus been 
able to save several hundred dollars in printing charges. As arule, 
authors have gladly coéperated in this editorial work done in the 
interest of economy, but there have been some authors whose minor 
changes of proofs have been quite needless, in the Committee’s 
opinion. While the additional expense caused by these changes has 
not been large, it has been a direct waste of money. No two per- 
sons agree entirely on punctuation, capitalization and other features 
of printing, but your Committee follows a widely adopted standard 
style in which the JouRNAL is set without deviation, and all changes 
made from this style on the proofs are unwarranted. 
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Illustrations. In the Journau of December, 1918, there was a 
brief explanation on page 400 of the method of preparing drawings 
for photo-engraving. A former Publication Committee adopted a 
rule requiring all authors to furnish drawings which could be photo- 
engraved. Such a rule has not been adopted by your present Com- , 
mittee, although the following facts will show how desirable it is for 
illustrations of papers to be prepared with a view to their reproduc- 
tion. In the six numbers of the JouRNAL issued by this Committee 
there have been 50 line engravings reproduced from the authors’ 
drawings. For nearly all of the remaining 94 illustrations a line 
drawing had to be made by your Committee. In order to reduce 
the illustration to the small size of the JouRNAL page it was some- 
times necessary first to reduce the original drawing by the photostat 
process and then prepare a drawing from the photostat reproduction 
for still further reduction by photoengraving. 

Until recently many large folding inserts reproduced from authors’ 
drawings have been used. At present the cost of these large engrav- 
ings and their printing as inserts rarely makes them economical. 
Your Committee much prefers to use authors’ drawings to its own 
because they express without any question the details the authors 
desire to bring out. This cannot be done, however, unless the 
directions for preparing drawings for photoengraving, to which refer- 
ence has been made, are followed carefully. 

Original contributions. Your Committee has published a number 
of papers and short notes which were prepared exclusively for the 
JouRNAL. This is in line with the policy of the last Publication 
Committee in printing short editorial ‘‘Comments” on topics of gen- 
eral interest. The purpose has been to make the Journat of the 
greatest possible value to all interested in any branch of city water 
supply. 

This policy your Committee recommends continuing. The Jour- 
NAL is capable of great improvement as the resources of the Associa- 
tion permit. As it becomes more useful, membership in the organi- 
zation will increase, an end all of us desire, for a large Association, 
if kept free from internal dissensions, can exercise a strong influence 
in bringing into greater public prominence the importance of water 
supply. 

“Life” in a magazine means original, timely and concise articles. 
Most of them are short; none should be longer than necessary to 
present the subject properly. A very large proportion of the mem- 
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bers have interesting subjects brought before them at least once a 
year, and when this happens they should remember that a letter 
about them, sent to the Publication Committee, will often supply 
the JouRNAL with the best of reading for many of our members. 
The idea that long, elaborate articles only are desired for the Jour- 
NAL is all wrong; the interest of the communication, not its length, 
determines its usefulness. 

Relations with trade journals. In spite of occasional suggestions 
to the contrary, your Committee sees no reason for any change in 
the policy of previous Committees regarding the use by trade jour- 
nals of papers read before the Association or its Sections prior to 
their appearance inourownJouRNAL. The purpose of the Associa- 
tion is the dissemination of information about water supply, and 
trade journals are a useful means to this end. There are a very few 
such trade journals which use our papers as original contributions, 
omitting the usual credit to the Association, but they are so unim- 
portant and lacking in influence that it is not worth while calling 
them to account for this breach of journalistic proprieties. 

The authors of papers read before the annual convention are ex- 
pected to furnish to the Association’s Editor a complete copy of the 
paper and all accompanying illustrations, on or before the date of 
its presentation. Similarly, authors of papers before Sections should 
furnish copies to the secretary of the Section for transmittal to the 
Editor. The Association is not at present financially able to pre- 
pare and furnish copies of papers to trade journals. The Publica- 
tion Committee is unwilling to lend the original copies of papers in 
the possession of the Editor for two reasons: first, they are not 
always returned and even when returned they are sometimes so dis- 
figured as to necessitate complete rewriting for the printer, and 
second, even when returned they are often sent back so tardily that 
much inconvenience in using them in the JouRNAL results. These 
troubles are all avoided if the trade journals will arrange with the 
authors of papers for such of them as are desired. 

Advertising. In the opinion of your Committee the bimonthly 
publication of the JouRNAL has been successful and its continuation 
is recommended. There is one feature of it with which your Com- 
mittee is particularly dissatisfied, however, and it desires in closing 
this report to refer to the Advertising Section. 

Most of the large fields of activity have their special trade direc- 
tories, and your Committee feels very strongly that the Advertising 
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Section of our JouRNAL should be the trade directory of the water 
works field, not only for the benefit of our active members but also 
for the benefit of our associate members. The knowledge that in a 
certain place can be found a practically complete list of manufacturers 
of everything required by water companies or departments would be 
helpful to our active members. At present there is no such list for 
reference outside a few large directories costing twice our annual 
dues, or more, and as there is nothing of the kind now in existence 
the Association will be competing with no private publishing interests 
in attempting to make its advertising section such a reference list. 

Your Committee is strongly of the opinion that no attempt should 
be made to make the Advertising Section a source of any decided 
profit. At present the Association receives $75 a year for a page 
advertisement in each of the six numbersin a volume. If the adver- 
tiser uses a half-tone illustration in each advertisement and changes 
his copy with each number, the Association will pay to the printer 
about $55 a year for that advertisement, leaving about $20 profit, 
or less than the 40 to 50 per cent commission often charged for 
securing advertisements for publications like the JourNaL. This 
$20 is a fair compensation to the Association for its expenses in look- 
ing after the Advertising Section. 

Looking at the subject from the manufacturer’s viewpoint, the 
advantage of advertising in the JourNAL is clear. If he desires to 
issue six leaflets a year to the members of the Association he can- 
not possibly get them printed for less than $55 a year. In addi- 
tion he must pay a postage bill of $90 if he sends out 1500 copies of 
each leaflet, and the incidentals connected with mailing will bring the 
total expense up to double what it will cost to tell the same facts 
to the same persons in the JouRNAL’s Advertising Section. 

It is for this reason that your Committee believes one of the lead- 
ing benefits the Association can furnish to its associate members is 
the development of the Advertising Section of the JouRNAL into a 
real trade directory of the water works field. It is not a matter of 
advertising, in the usual sense of the term, so much as a service 
to all grades of our membership. 

Respectfully submitted, 
W. W. Brusu, Chairman, 
GrorcEe A. JOHNSON, 
ALLAN W. CupDDEBACK, 
HANSEN, 
J. M. Editor. 
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SOCIETY AFFAIRS 
CALIFORNIA SECTION 


The California Section, whose petition was favorably acted upon 
at the Convention of 1917, perfected its organization at a meeting 
in San Francisco on April 17, at which the following officers were 
elected: Chairman, G. A. Elliott, Chief Engineer, Spring Valley Water 
Company, San Francisco; vice-chairman, Charles Gilman Hyde, Pro- 
fessor of Sanitary Engineering, University of California, Berkeley; 
secretary-treasurer, George W. Pracy, Department of Operation and 
Maintenance, Spring Valley Water Company, San Francisco; addi- 
tional members of the executive committee: F. N. Isaacs, Secretary 
and General Manager, Hanford Water Company, Hanford, and C. 
G. Gillespie, Resident Engineer, Filtration Division, Sacramento. 


MINNESOTA SECTION 


The seventh meeting of the Section was held at the University of 
Minnesota, Minneapolis, on May 8, 1920. The total attendance 
was 25; the secretary reports that this attendance was disappointing 
on account of the few members from places other than the Twin 
Cities, but the character of the papers presented made the meeting 
one of the most successful held by the Section. The papers were: 

“Engineering Education for Water Works Men,” Dean W. L. 
Jones, School of Chemistry and College of Engineering and Architec- 
ture, University of Minnesota. 

“Plans for Future Development of the Minneapolis Water Sup- 
ply,” F. W. Cappelen, City Engineer, Minneapolis. 

“Uses and Misuses of the Probability Curve,’ W. L. Hart, As- 
sistant Professor of Mathematics, University of Minnesota. 

“Future Development of the St. Paul Water Supply,” W. J. 
Kelsey, General Superintendent, Bureau of Water, St. Paul. 

“The League of Minnesota Municipalities and Its Water Supply 
Problems,” E. L. Bennett, Secretary, Municipal Reference Bureau, 
Extension Division, University of Minnesota. 
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Round Table Discussions: Flushing of Water Mains; Prices in the 
Water Works Field. 

The following resolutions were adopted: 

1. That the Section present to the National Association the propo- 
sition of securing space in the Journat for the Minnesota Section in 
which things of interest to the Section may be printed. 

2. That a member of the Minnesota Section be appointed to discuss 
with E. L. Bennett of the League of Minnesota Municipalities the 
question ofa municipal building at the Minnesota State Fair, such 
building to house exhibits of various municipal activities. 

3. That the next meeting of the Minnesota Section be held at 
Duluth at a date to be fixed by the Executive Committee. 

At the meeting E. L. Bennett offered to publish in the Journal of 
the League of Minnesota Municipalities articles prepared by the mem- 
bers of the Minnesota Section, thus giving the Section an oppor- 
tunity to present information to municipalities throughout the State. 

The following officers were elected: Chairman, D. L. Reed, Mana- 
ger, Water and Light Department, Duluth, Minn.; vice-chairman, 
Lewis I. Birdsall, Superintendent Water Filtration Division, Water 
Works Department, Minneapolis; trustee, C. M. Crowley, Water 


Registrar, St. Paul, succeeding Mr. Birdsall, whose term had expired. 


STANDARD METHODS OF WATER ANALYSIS 


The fourth edition of ‘‘Standard Methods for the Examination of 
Water and Sewage,’”’ which has just appeared, was prepared by a 
committee with which Capt. Max Levine, a member of this Asso- 
ciation, was connected. This volume contains no changes from the 
third edition in the portions relating to methods of chemical analysis. 
In the sections relating to bacteriological examinations the following 
are the more important changes: New brands of peptone are author- 
ized; phenol-red method of hydrogen-ion concentration; 0.5 per cent 
of sugar specified for broths instead of 1 per cent; sterilization of 
sugar in media specified in greater detail; preparation of endo me- 
dium; synthetic medium for the methyl red test. The report is 
published at $1.25 in cloth binding and 60 cents in paper by the 
American Public Health Association, Boston. 
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ADDITIONS TO THE MEMBERSHIP 
Active Members 


Louis P. Allen, Superintendent Water Works, Johnson City, N. Y. 

George W. Bell, President Iowa City Water Company, Iowa City, 
Iowa. 

H. K. Barrows, Consulting Engineer, 6 Beacon Street, Boston, 
Mass. 

James P. Barry, Chief Hydraulic Engineer, Redwood Manufac- 
turers Company, 1600 Hobart Building, San Francisco, Calif. 

Arthur 8. Bedell, Assistant Professor of Civil Engineering, Ro- 
berts College, Constantinople, Turkey. 

James A. Beaubier, Hydraulic Engineer, Weber Subterranean 
Pump Company, 50 East 42nd Street, New York, N. Y. 

John J. Blackford, Superintendent Water Works, 82 Maple 
Street, Yonkers, N. Y. 

Perkins Boynton, Chemist in charge, New Chester Water Works, 
115 West Mowry Street, Chester, Pa. 

W. R. Brewster, Superintendent of Construction, Suburban 
Water Company of New York, 86 Beekman Street, North Tarry- 
town, N. Y. 

Edmund P. Burke, Municipal and Sanitary Engineer, Room 301, 
73 State Street, Detroit, Mich. 

Charles H. Bull, Assistant Engineer, Department Water Supply, 
Gas & Electricity, 702 Madison Avenue, New York, N. Y. 

John Burt, Manager, Marin Municipal Water Works, 425 Fifth 
Avenue, San Rafael, Cal. 

Charles P. Casgrain, Manager Water Works, City Hall, Quebec, 
P. Q., Canada. 

Harry W. Clark, Chief Chemist, State Department of Health, 
Room 541 State House, Boston, Mass. 

Edward H. Collins, Chief Draftsman, Board of Water Commis- 
sioners, 232 Jefferson Avenue, Detroit, Mich. 

Thomas J. Connor, Superintendent Water Works, Gilbert, Minn. 

Aime Cousineau, City Sanitary Engineer, Health Department, 
City Hall, Montreal, P. Q., Canada. 

C. H. Currie, Consulting Engineer, Webster City, Iowa. 

David A. Decrow, Manager Water Works Department, Worth- 
ington Pump and Machinery Corporation, 115 Broadway, New 
York,.N. Y. 
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Ernest Drinkwater, Consulting and Town Engineer, St. Lambert, 
North Montreal, P. Q., Canada. 

N. Randall Ellis, Valuation Engineer, City Attorney’s Office, 
453 City Hall, San Francisco, Calif. 

George F. Gilkison, Chief Chemist, Water Department, 3632 Flora 
Avenue, Kansas City, Mo. 

R. D. Gladding, Gladding, Morrison & Orr, Municipal Engineers, 
Box 566, Wilson, N. C. 

Allan Keay Grimmer, Town Engineer, Temiskaming, P. Q., 
Canada. 

Charles Hale, Divisional Superintendent Water Works, 5 Woodstock 
Avenue, Montreal, P. Q., Canada. 

David McLean Hanna, Superintendent Department of Works, 
City Hall, Windsor, Ont., Canada. 

George H. Hartley, Norwood, Delaware County, Pa. 

Dr. Samuel F. Hassler, Superintendent Public Safety, 500 North 
Second Street, Harrisburg, Pa. 

Donald M. Hatch, Superintendent Water and Light, Wyandotte, 
Mich. 

Frank 8S. Hawken, Chemist, St. Louis Water Works, 3954 Greer 
Avenue, St. Louis, Mo. 

Charles Elliott Henderson, Manager, Morris Knowles, Ltd., 88 
Ouellette Ave., Windsor, Ontario, Canada. 

Geo. F. Hoag, Fire Prevention Engineer, Construction Division, 
U.S. A., Washington, D. C. 

John Philip Hogan, Consulting Engineer, 13 East 11th Street, 
New York, N. Y. 

S. J. Hunt, Assistant Secretary, Board of Water Commissioners, 
25 East Fifth Street, St. Paul, Minn. 

Harold 8. Hutton, Sanitary Engineer, Room 1903, Commonwealth 
Building, Pittsburgh, Pa. 

Charles E. Jutz, Treasurer, St. Louis Water & Light Company, 
6600 Delmar, St. Louis, Mo. 

J. G. Kimmel, Assistant Engineer with Gannett, Seelye & Flem- 
ing, 262 Randolph Building, Memphis, Tenn. 

F. S. Kluttz, Consulting Engineer, Concord, N. C. 

Albert A. Laflin, Superintendent Water Works, St. Stephen, 
N. B., Canada. 

James Leslie; Canada Fire Underwriters Association, Coristine 
Building, Montreal, P. Q., Canada. 
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Dr. A. G. Long, Director of Laboratories, North Dakota State 
Department of Health, University, N. Dak. 

W. Z. McBride, Manager Water & Power Company, Vacaville, 
Cal. 

R. A. Maddock, Chemist and Bacteriologist, Box 114, Oshkosh, 
Wis. 

O. G. F. Markhus, Vice-President and General Manager, Artesian 
Hot and Cold Water Company, P. O. Box 718, Boise, Idaho. 

Conrado E. Martinez, Consulting Engineer, 59 Obispo Street, 
Havana, Cuba. 

James Herbert Mendell, Superintendent Water Works, Man- 
chester, N. H. 

George Field Merrill, Superintendent Water Works, Greenfield, 
Mass. 

Thaddeus Merriman, Deputy Chief Engineer, Board of Water 
Supply, 2224 Municipal Building, New York, N. Y. 

W. Montgomery Mitchell, Assistant Superintendent, Board of 
Water Commissioners, 232 Jefferson Avenue, Detroit, Mich. 

Samuel Brooks Morris, Chief Engineer, Water Department, City 
Hall, Pasadena, Calif. 

Joseph W. O’Neil, Superintendent of Meters and Inspection, 
Department of Water, City Hall, Montreal, P. Q., Canada. 

Manley Osgood, Engineer, Detroit Bureau of Government Re- 
search, 100 Griswold Street, Detroit, Mich. 

Horatio Newton Baker, City Chemist and Bacteriologist, Main 
and Orange Streets, Jacksonville, Fla. 

George Porier, French Water Works, 227 Avenue Dubail, Shanghai, 
China. 

Capt. C. R. Potteiger, Camp Utilities, Camp Meade, Md. 

Frank L. Powers, President Board of Water Commissioners, 25 
East Fifth Street, St. Paul, Minn. 

Brice J. Robinson, Manager, Mutual Water Company, Atascadero, 
Calif. 

James W. Routh, Director, Bureau of Municipal Research, 25 
Main Street East, Rochester, N. Y. 

A. H. Sanderson, Superintendent Filtration Plant, Foot of John 
Street, Toronto, Ont., Canada. 
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E. H. Shibley, Superintendent Port Costa Water Works, San 
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H. A. Terrault, Engineer and Superintendent, Water Works, 
City Hall, Montreal, P. Q., Canada. 

J. W. Thompson, Contractor, Water Supply System, Port Wash- 
ington, N. Y. 
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Associate Members 


G. J. Blanton, Chain Belt Company, Milwaukee, Wis. 

Buckeye Traction Ditcher Company, D. P. Royce, Sales and 
Advertising Manager, Findlay, Ohio. 

Samuel P. Felix, District Manager, Dravo-Doyle Company, 
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DEATHS 


John Bogart, Consulting Engineer, New York; elected member 
May 14, 1892; died April 23, 1920. 

Col. Robert B. C. Bement, Honorary Member, St. Paul, Minn.; 
elected member April 18, 1888; died May 7, 1920. 

John Hargreaves, Government Hydraulic Engineer, Water Supply 
Department, Brisbane, Queensland, Australia; elected member 
June 8, 1916; died September, 1919. 

J. W. Neave, Superintendent Water Works, Salisbury, N. C.; 
elected member May 31, 1917; died June, 1919. 
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